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Technology E d u c a t i o n i n Secondary Schools-
C h r i s t o p h e r Norman Lee France. 
A b s t r a c t -
The a u t h o r o u t l i n e s h i s background and r e f e r s t o 
c u r r e n t r e l e v a n t a t t i t u d e s -
He c o n s i d e r s changes which have i n f l u e n c e d t h e 
c u r r i c u l u m -for m a n u f a c t u r i n g i n r e s i l i e n t m a t e r i a l s i n 
s c h o o l s = 
The word 'technology" i s c u r r e n t l y i n common USE. 
Having examined a range of sources f o r common themes, 
t h e a u t h o r s y n t h e s i s e s a d e f i n i t i o n and examines some 
i m p l i c a t i o n s . 
He uses t h e example of t h e development of t h e 
e l e c t r o n i c computer t o i l l u s t r a t e t h e d i f f e r e n c e 
between s c i e n c e and t e c h n o l o g y b e f o r e a r g u i n g t h a t 'new 
t e c h n o l o g y ' , i n s c h o o l s , p r o p e r l y b e l o n g s w i t h i n t h e 
framework of ' C r a f t Design Technology' (CDT) -
Using r e f e r e n c e s f r o m i n d u s t r y , e d u c a t i o n and 
elsewhere, he d e s c r i b e s t h e process o f d e s i g n i n g and 
upholds i t s predominance as a s k i l l t o be f o s t e r e d -
A r i s i n g f r o m i t s c y c l i c n a t u r e a r e i m p l i c a t i o n s f o r t h e 
assessment o f performance. 
As l a b o u r s a v i n g d e v i c e s , w i n d m i l l s and r o b o t s a r e 
w i d e l y s e p a r a t e d by t i m e b u t b o t h r e q u i r e c o n t r o l and 
t h e a u t h o r seeks t o e x p l o r e t h i s l i n k - The components 
of c o n t r o l a r e a l s o i d e n t i f i a b l e i n t h e work of p u p i l s 
over many years- He c o n t r a s t s i n d u s t r i a l r o b o t s w i t h 
t h o s e of t h e i r p r o p h e t s -
The need f o r a r e v i e w o f t h e e d u c a t i o n s e r v i c e was 
e s t a b l i s h e d i n 1976- The consequent c h a i n of p o l i t i c a l 
i n i t i a t i v e s i n B r i t a i n i s d e s c r i b e d h i g h l i g h t i n g t h e 
n a t u r e of p o l i t i c s - He c o n s i d e r s a case h i s t o r y when 
those who 'do' became championed by t h o s e who 'would 
have i t done'-
Durham Local E d u c a t i o n A u t h o r i t y ' s p r o g r e s s i n CDT 
i n - s e r v i c e t r a i n i n g i s d e s c r i b e d and t h e w o r l d of 
'lower s c h o o l ' t e c h n o l o g y i s e x p l o r e d by c o n s i d e r i n g 
b o t h p u p i l and updated t e a c h e r -
The a u t h o r d e s c r i b e s i n d u s t r i a l r e a l i t y and i n t i m a t e s a 
c u r r i c u l u m p o s s i b i l i t y — t h e d e s i g n , by lower school 
p u p i l s , of a u t o m a t i c systems-
He sees t h e computer i n t h e CDT c u r r i c u l u m b o t h as 
design t o o l and as p a r t of s o l u t i o n s t o human needs-
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The Law of t h e Hammers 
'Many of nur assumpti ons r e g a r d i n g t h e use o-f computers 
a r e n o t e x p l i c i t * One o-f t h e s e assumptions o p e r a t e s i n 
a mariner s i m i l a r t o t h e "Law o-f t h e hammer" which has 
been around -for many y e a r s . The statem e n t of t h e law i s 
( r o u g h l y ) , " I f you g i v e a hammer t o a two—year o l d , 
suddenly a l o t of t h i n g s w i l l need hammering." I f you 
change "hammer" t o "computer", "two-year o l d " t o 
"educa t o r " and "hammering" t o "computing", you have a 
d e s c r i p t i o n of t h e e f f e c t * ' 
R„G a Rageda1e. ( i ) 
1= Lewis R. %>. Tagg ED. ( e d i t o r s ) ' I n v o l v i n g M i c r o ' s i n 
E d u c a t i o n ' . North H o l l a n d . 1932= 
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1- INTRODUCTION. 
T h i s t h e s i s was o r i g i n a l l y i n t e n d e d t o be t h e w r i t t e n 
r e p o r t of a two year r e s e a r c h programme i n t h e area o-f 
Computer use i n Secondary E d u c a t i o n , but t h e p r o g r e s s 
o-f my r e s e a r c h soon began t o qe r e q u i r e an 
u n d e r s t a n d i n g o-f a w i d e r h i s t o r i c a l c o n t e x t i n t o which 
b o t h e d u c a t i o n and computer use can be f i t t e d . 
I have spent t w e n t y y e a r s t e a c h i n g i n what was once 
c a l l e d secondary and s u b s e q u e n t l y known as 
comprehensive e d u c a t i o n , and f o r a l l o-f t h a t t i m e I 
have been r e s p o n s i b l e -for t h e c o n t e n t o-f t h a t p a r t o-f a 
school c u r r i c u l u m a s s o c i a t e d w i t h work done i n 
workshops and drawing o f f i c e s -
The work b o t h of my p u p i l s and my department c o l l e a g u e s 
has never been regarded by t h e r e s t of my c o l l e a g u e s 
and o t h e r s , b o t h w i t h i n and w i t h o u t t h e p r o f e s s i o n , as 
'academic' i n t h e sense t h a t t h e word might be used t o 
d e s c r i b e one who never produces t a n g i b l e , w o r k i n g 
p r o d u c t s . A s i t u a t i o n which I have always found 
p h i l o s o p h i c a l l y s a t i s f a c t o r y a f t e r h a v i n g q u i c k l y 
r e c o g n i s e d t h a t t o become an e d u c a t i o n a l i c o n one must 
f i r s t a t t a i n t h e s t a t u s of t h e academic. 
The p r o d u c t of t h e s e l a s t two or so y e a r s r e s e a r c h i s 
t h i s t h e s i s , and i t would be b o t h i n s e n s i t i v e and wrong 
t o t r y t o argue t h a t a t h e s i s on paper i s n e i t h e r 
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t a n g i b l e nor of use t o o t h e r s - For me however, t h e 
j u s t i f i c a t i o n f o r t h e whole p r o j e c t l i e s i n t h e 
p r o d u c t i o n of a c u r r i c u l u m package which embodies t o a 
most c o n s i d e r a b l e e x t e n t t h e p h i l o s o p h i e s and p r a c t i c a l 
d i r e c t i o n s which emerged fr o m my researches- I n t h i s 
r e s p e c t I b e l i e v e t h a t my a t t i t u d e t o my c u r r i c u l u m 
area has not been compromised i n t h a t t h e more usual 
a l t e r n a t i v e , t o have produced a l e n g t h y , wordy — indeed 
'academic' — document, whose o n l y f u t u r e would be t o 
c o l l e c t d u s t w h i l s t s t a t i c a l l y l o a d i n g a b o o k s h e l f , has 
been r e s i s t e d -
We a r e a l l aware, t o a g r e a t e r or l e s s e r e x t e n t , of t h e 
changed p r o d u c t s of man's i n g e n u i t y - Whether t h r o u g h 
t h e i r i n t e n d e d a d v e r t i s e d presence by t e l e v i s i o n , r a d i o 
and p r i n t e d p r o m o t i o n a l m a t e r i a l s , or by t h e more 
i n f o r m a l r o u t e s of g o s s i p , o b s e r v a t i o n and t h e 
t e l e v i s i o n documentary, t h e c i t i z e n s of t h i s n a t i o n 
a p p r e c i a t e t h e d i f f e r e n c e between c u r r e n t p r o d u c t s and 
t h o s e of t h e days of t h e i r p a r e n t s and g r a n d p a r e n t s . 
The computer i s but one example of t h a t group of 
c u r r e n t l y a v a i l a b l e p r o d u c t s f o r which i t i s d i f f i c u l t 
even t o f i n d an o l d — f a s h i o n e d v e r s i o n which was 
a v a i l a b l e t o our f o r e — f a t h e r s - The a u t o m a t i c washing 
machine which i n c o r p o r a t e s a tumble d r y i n g f a c i l i t y i s 
an example of t h e o t h e r , much l a r g e r group, which 
f u l f i l a need, l o n g r e c o g n i s e d and p r e v i o u s l y c a t e r e d 
f o r , b u t now i n c o r p o r a t i n g a h i g h e r degree of p e r c e i v e d 
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ef f i c i ency = 
One of t h e q u e s t i o n s which sprung t o my mind some t i m e 
ago had t o do w i t h t h e p r o d u c t s which s c h o o l c h i l d r e n 
were making i n t h e i r workshops- Did t h e y r e f l e c t t h e s e 
changes t o t h e same degree, and would i t be p o s s i b l e t o 
e f f e c t changes w i t h o u t l o s i n g s i g h t o f t h e l o n g 
e s t a b l i s h e d b e l i e f i n a broad e d u c a t i o n a l e x p e r i e n c e 
f o r c h i l d r e n ? 
I saw t h e o p p o r t u n i t y a f f o r d e d by Durham U n i v e r s i t y 
School of Ed u c a t i o n t o broaden my knowledge o f 'New 
Technology', t o b r i n g u p - t o - d a t e my awareness of 
e d u c a t i o n a l t h i n k i n g and t o develop or c r e a t e a 
r e l e v a n t e d u c a t i o n a l package which would be of 
p r a c t i c a l use w i t h i n s c h o o l - I wanted t h e package t o 
r e f l e c t t h e c u r r e n t s t a t e of e d u c a t i o n a l t h o u g h t and t o 
embody t e c h n i q u e s t y p i c a l of c u r r e n t t e c h n o l o g i c a l 
development-
As I w r i t e , i n 1987, t h e E d u c a t i o n s e r v i c e i n England 
and Wales i s i n a s t a t e of t u r m o i l - On t h e one hand, 
t h e r e have been a number of E d u c a t i o n a l i n i t i a t i v e s 
i n s t i t u t e d by Her M a j e s t y ' s Government over a p e r i o d of 
t e n y e a r s , i n i t i a t i v e s r e s u l t i n g f r o m i t ' s p e r c e p t i o n 
of t h e changes 'New Technology' has made t o our 
s o c i e t y - The government, however, i s a body which has, 
a t p r e s e n t , no d i r e c t way of i n f l u e n c i n g t h e c o n t e n t of 
t h e c u r r i c u l u m o f t h e s c h o o l s . 
PAGE 10 
On t h e o t h e r hand, many t e a c h e r s have become b i t t e r as 
t h e y have p e r c e i v e d a d e t e r i o r a t i o n i n t h e i r 
r e m u n e r a t i o n and consequent s t a n d a r d of l i v i n g - T h i s 
has r e s u l t e d i n t h e l o s s o f t h e i r c o - o p e r a t i o n and 
d i r e c t l y a f f e c t e d t h e t r a d i t i o n a l ways t e a c h e r s have 
used t h e i r ( p r i v a t e ) t i m e t o l e a r n and update t h e i r 
c u r r i c u l u m c o n t e n t . 
Regardless of t h e background of our t i m e s , t h e bu s i n e s s 
o-f E d u c a t i o n c o n t i n u e s and a r e v i e w o f t h e r e c e n t 
developments i n t h e p a r t i c u l a r c u r r i c u l u m area of C r a f t 
Design and Technology p u t s t h e s u b j e c t i n t o 
p e r s p e c t i v e . I t a l s o p r o v i d e s t h e c o n t e x t i n t o which 
f u t u r e developments i n t e c h n o l o g y can be i n t r o d u c e d t o 
p u p i l s , and i t g i v e s me t h e o p p o r t u n i t y t o work i n t h e 
area of t h e c u r r i c u l u m w i t h which I f e e l t h e most 
empathy. Such a r e v i e w w i l l beg t h e q u e s t i o n s 'What i s 
C r a f t Design and Technology?*, and ' I s t h i s t h e most 
a p p r o p r i a t e t i t l e f o r t h i s e d u c a t i o n a l domain?' 
The most s i g n i f i c a n t fundamental development s i n c e t h e 
h a r n e s s i n g of steam t o p r o v i d e c o n t r o l l e d power, has 
been t h e h a r n e s s i n g and c o n t r o l o f e l e c t r i c a l p u l s e s i n 
t h e form of cheap m i c r o p r o c e s s i n g . I t was t h i s 
development, and i n p a r t i c u l a r i t s encroachment i n t o 
t h e school c u r r i c u l u m t h a t p r o v i d e d t h e s t i m u l u s f o r 
r e s e a r c h . 'What i s happening i n s c h o o l s ? ' , and i n my 
p a r t i c u l a r case, 'What changes has i t made t o t h e 
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t e a c h i n g o-f C.D.T?1 
I t seemed t o me t h a t i-f t e a c h e r s a r e t o p r e p a r e p u p i l s 
-for l i f e a f t e r s c h o o l , t h e y ought t o be aware of how 
th e 'new t e c h n o l o g y ' came i n t o b e i n g and how i t l i e s 
amongst t h e r e s t of c u r r e n t l y i m p o r t a n t 'making' 
s k i l l s - For i f t h e c u r r i c u l u m c o n t e n t i s t o be changed 
i t w i l l have t o be a p p r e c i a t e d t h a t t e a c h e r s w i l l s t i l l 
be t h e same human b e i n g s and t h e p r a c t i c a l problem o f 
e q u i p i n g them w i t h a new body of knowledge w i l l be 
enormous. 
The c o n s i d e r a t i o n of these q u e s t i o n s t o g e t h e r w i t h some 
l i m i t e d a p p r e c i a t i o n of v a r i o u s m i c r o p r o c e s s o r 
a p p l i c a t i o n s , l e a d me t o t h e area o f c o n t r o l and 
systems a n a l y s i s - At t h i s t i m e I began t o form an 
o p i n i o n t h a t t h i s was an area o f e x p e r i e n c e which c o u l d 
be developed i n t o a ' l e a r n i n g e x p e r i e n c e ' , which would 
have t o t a k e account of t h e l a c k of 'new' knowledge 
w i t h i n t h e e x i s t i n g t e a c h e r , and which would c a p i t a l i s e 
upon t h e v e r s a t i l i t y and r e a l — w o r l d a t t i t u d e which 
r e q u i r e s t h a t t h e r e i s always another way of d o i n g 
t h i ngs-
The a c t of d e v e l o p i n g such a programme r e q u i r e d t h e 
c o n s i d e r a t i o n o f another area of t e c h n o l o g i c a l a c t i v i t y 
- d e s i g n . I f d e s i g n i n g i s t h e p r o d u c t i o n of p r o d u c t 
o u t l i n e s , t h e n i t f o l l o w s t h a t i t i s an a c t i v i t y which 
w i l l need t o be used t o reach t h e r e q u i r e d t a r g e t . 
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There can be no planned change w i t h o u t d e s i g n and i t s 
fundamental importance as a s t r a t e g y which i s 
a p p l i c a b l e t o any s i t u a t i o n r e q u i r i n g a s u c e s s f u l 
c o n c l u s i o n , needs t o be r e c o g n i s e d . 
With some of th e s e t h o u g h t s i n mind I ex p l o d e d , l o o k i n g 
i n a l l d i r e c t i o n s a t once, a t t e m p t i n g t o f i n d a t h r e a d 
which would form t h e u n d e r l y i n g theme of a w r i t t e n 
document. I t took l o n g e r t h a n I expected t o f i n d t h e 
t h r e a d , and when I d i d , n o t o n l y d i d I f i n d i t e l a s t i c , 
i t was a l s o looped and k n o t t e d . A s t o r y - t e l l e r ' 5 
nightmare — b u t n o t t o be t r e a t e d as f i c t i o n and as 
such t h e r e a r e p a r t s , p a r t i c u l a r l y c o n c e r n i n g t h e 
t e c h n o l o g y , which cannot r e a l i s t i c a l l y be d i v o r c e d . 
T h i s t h e s i s t h e n , a l t h o u g h seeming t o be a p r o g r e s s i o n , 
s h o u l d r a t h e r be seen as a whole. You, t h e r e a d e r , a r e 
expected t o t a k e what systems a n a l y s t s c a l l an H o l i s t i c 
Approach. Roughly i n t e r p r e t e d , you a r e expected t o read 
a l l t h e pages a t t h e same t i m e ! 
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1. WHENCE COMETH CRAFTa DESIGN 3< TECHNOLOGY?. 
The word " t e c h n o l o g y " began t o assume a new meaning i n 
t h e secondary c u r r i c u l u m i n t h e n i n e t e e n - s i x t i e s . 
For many yea r s t h e word had been a s s o c i a t e d w i t h those 
p a r t s o-f H a n d i c r a f t s y l l a b u s s e s which sought t o e x p l a i n 
t h e p r o p e r t i e s and behaviour of t o o l s , machines and 
m a t e r i a l s . The s y l l a b u s s e s o f b o t h t h e e s t a b l i s h e d 
General C e r t i f i c a t e o f E d u c a t i o n (GCE) and t h e more 
r e c e n t C e r t i f i c a t e of Secondary E d u c a t i o n (CSE) sought 
t o develop i n p u p i l s - m a i n l y boys - t h e s k i l l s of 
d u p l i c a t i n g w e l l e s t a b l i s h e d methods o f manufacture 
w i t h an optimum degree o f q u a l i t y . The t o o l s and 
methods t o be used were t h o s e which had been developed 
over t h e c e n t u r i e s and were f o r t h e most p a r t c e n t r e d 
upon hand t o o l s . The m a t e r i a l t o be used i n s c h o o l s was 
p r e d o m i n a n t l y t i m b e r a l t h o u g h s c h o o l s which c o n s i d e r e d 
themselves t o be a t t h e f o r e i n e d u c a t i o n a l p r o v i s i o n 
boasted metal work shops and w i t h j u s t i f i a b l e p r i d e and 
s a t i s f a c t i o n p o i n t e d t o t h e i r (expensive) machinery. 
I n t h e r e a l w o r l d , s i n c e t h e end of t h e second w o r l d 
war l i t t l e change i n m a t e r i a l s had o c c u r r e d t o a f f e c t 
methods of p r o d u c t i o n , and a l t h o u g h t h e q u a l i t y of 
t o o l s c o n t i n u e d t o improve, t h e i r p r o f i l e s and methods 
of use remained t h e same. There was l i t t l e i n n o v a t i o n 
i n m a t e r i a l s h a n d l i n g machinery and f a c t o r i e s were 
s t i l l v e r y l a b o u r i n t e n s i v e . 
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To s a t i s f y t h e r e q u i r e m e n t s of t h e GCE s y l l a b u s s e s t h e 
s c h o o l s saw p r o d u c t d e s i g n as an a p p r e c i a t i o n by t h e 
p u p i l of t h e e v o l u t i o n of s t y l e i n t h e h i s t o r y of 
f u r n i t u r e and t h e manufacture of t h e implements and 
t o o l s t h e y used i n t h e workshops. I n n o v a t i o n on t h e 
p a r t of t h e p u p i l as an e d u c a t i o n a l aim was not 
r e c o g n i s e d as b e i n g neccessary. There h a v i n g been 
l i t t l e development i n i n d u s t r i a l p r o d u c t i o n methods 
and, f o r B r i t a i n , t h e s u c c e s s f u l end t o t h e war may 
w e l l have c o n t r i b u t e d t o a miguided f e e l i n g of n a t i o n a l 
s e l f agrandisement. I t seems now t h a t i n i n d u s t r y and 
commerce t h e r e was a b e l i e f t h a t a l l p r o d u c t i o n methods 
were known and e s t a b l i s h e d , and t h a t what was now 
r e q u i r e d would be t h e i r c o n s o l i d a t i o n and o p t i m i s a t i o n . 
W i t h o u t a c e n t r a l agency t o r e q u i r e and d i r e c t change, 
i t i s d i f f i c u l t t o imagine how a n a t i o n a l r e c o g n i t i o n , 
i f indeed t h e r e was one, of t h e needs f o r t h e f u t u r e 
c o u l d have been c a p i t a l i s e d upon. What i s now beyond 
any doubt i s t h e t h e n acceptance of a n a t i o n a l 
u n d e r s t a n d i n g . What had j u s t been d e f e a t e d w i t h t h e 
e x p e n d i t u r e of immeasurable g r i e f and s a c r i f i c e , had 
been t h e t y p e of p o l i t i c a l e s t a b l i s h m e n t capable of 
d i r e c t i n g n a t i o n a l change. A l t e r a t i o n s t h e n , would be 
t h e r e s u l t of i n d i v i d u a l , or l o c a l , r e c o g n i t i o n s and i t 
would n o t , t h e r e f o r e , be t r u e t o a s s e r t t h a t t h e r e were 
no changes a t a l l t h a t a f f e c t e d p r o d u c t i o n . Since t h e 
end of t h e war, man-made t i m b e r p r o d u c t s , f o r i n s t a n c e , 
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were becoming more common= I n t h e s c h o o l s i t was a 
d i f f e r e n t s t o r y , -for even i n t h e n i n e t e e n - f i f t i e s , 
plywood, b l o c k b o a r d and c h i p b o a r d were s t i l l not i n 
common u s e f o r t h o s e p a r t s of p u p i l s work which were 
e i t h e r v i s i b l e o r l o a d b e a r i n g . I n c o n t r a s t , new 
s y n t h e t i c a d h e s i v e s which were w a t e r - p r o o f , 
n o n — s t a i n i n g and a l l o w e d more t i m e f o r a d j u s t m e n t 
d u r i n g a s s e m b l y t h a n t h e t r a d i t i o n a l "animal g l u e " , 
were b e i n g adopted. 
So i n t h e t h r e e a r e a s of H a n d i c r a f t — m a t e r i a l s , 
a d h e s i v e s and f i n i s h e s — cha n g e s were t a k i n g p l a c e i f 
o n l y s l o w l y . I t was becoming a p p a r e n t t h a t w i t h t h e 
g r e a t e r a v a i l a b i l i t y of m a t e r i a l s which e x h i b i t e d 
d i f f e r e n t p r o p e r t i e s of s t r e n g t h , s t a b i l i t y and s i z e , 
t h e r e would need t o be changes made i n t h e way t h e s e 
m a t e r i a l s were h a n d l e d , a s s e m b l e d and f i n i s h e d . T h e s e 
t e c h n i q u e s once developed began t o be s e e n i n 
mass-produced f u r n i t u r e which c o u l d be p u r c h a s e d i n 
boxed k i t s and ass e m b l e d w i t h a s c r e w d r i v e r . The t r a d e 
knew t h e t e c h n i q u e a s 'KD' (knock - down), but t o t h e 
p u b l i c t h e image t o be p o r t r a y e d was promoted a s 'DIY' 
(do - i t — y o u r s e l f ) , c o m m e r c i a l l y a more a t t r a c t i v e 
t i t l e . I t was f o r t h e t e a c h e r s t o f i n d ways of 
t r a n s l a t i n g or d e v e l o p i n g t h o s e i n d u s t r i a l methods s u c h 
t h a t t h e y became s u i t a b l e f o r t h e s c h o o l workshop. 
N i s b e t ( l ) , who lo o k e d a t t h e e s t a b l i s h m e n t of t h e 
S c h o o l s C o u n c i l , r e c o r d s t h a t on 24th October 1964, 
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a f t e r a p e r i o d when p o l i t i c a l m i s g i v i n g s had made i t s 
•foundation i m p r o b a b l e , The S c h o o l s C o u n c i l was - f i n a l l y 
s e t — u p o I t was a body w i t h o u t t h e a b i l i t y t o d i r e c t 
c u r r i c u l u m change on one hand, but -free from t h e L o c a l 
E d u c a t i o n A u t h o r i t i e s on t h e other„ I t was g i v e n 
f i n a n c e and c h a r g e d w i t h t h e r e s p o n s i b i l i t i e s of 
l i s t e n i n g t o , r e s e a r c h i n g i n t o , d e v e l o p i n g and 
p u b l i c i s i n g m a t t e r s of e d u c a t i o n a l interest» Amongst 
i t s i n t e r e s t s was i t s i n s i s t a n c e of r e f o r m w i t h i n t h e 
p u b l i c e x a m i n a t i o n s y s t e m and t h e e s t a b l i s h m e n t of 
t e a c h e r s c e n t r e s - B e i n g , a s i t was, a body which was 
d e s i g n e d t o r e f l e c t t h e o p i n i o n s and a s p i r a t i o n s of 
s e r v i n g t e a c h e r s i n t h e a r e a of e d u c a t i o n a l i n n o v a t i o n , 
i t was w e l l p l a c e d t o r e c o g n i s e t h e need f o r 
communication between e d u c a t o r s and t h e a s p i r a t i o n s of 
p u p i l s not w e l l p l a c e d t o be e n t e r e d f o r GCE o r d i n a r y 
l e v e l examinations,, 
P r o f e s s o r John E g g l e s t o n i n h i s p r e f a c e t o t h e S c h o o l s 
C o u n c i l ' s p u b l i c a t i o n 'Design f o r Today', r e c o g n i s e s 
t h e a b i l i t y of t h e C o u n c i l t o r e s p o n d t o t e a c h e r 
i n i t i a t i v e s . He r e f e r r e d t o i t s f i n a n c i n g a p r o j e c t t o 
" e x p l o r e t h e p o s s i b i l i t i e s of development t h a t might 
s p r i n g from e x i s t i n g s c h o o l c u r r i c u l a i n woodwork, 
metalwork and r e l a t e d a c t i v i t i e s w i t h p a r t i c u l a r 
r e f e r e n c e t o t h e needs of t h e o l d e r age groups i n 
s e c o n d a r y s c h o o l s " . ( 2 ) And of t h e o r i g i n a l r e c o g n i t i o n 
of t h e need he wrote, "The S c h o o l s C o u n c i l d e c i s i o n was 
i n r e s p o n s e t o t h e e n t h u s i a s t i c i n i t i a t i v e s of a l a r g e 
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group o-F t e a c h e r s i n s c h o o l s , c o l l e g e s and u n i v e r s i t i e s 
who, w i t h h e a d s , a d v i s e r s and a d m i n i s t r a t e r s had met 
t o g e t h e r t o f o r m u l a t e p r o p o s a l s on a number of 
o c c a s i o n s a t L e i c e s t e r t hroughout 1965"=(2) 
As i f t o mark t h i s p e r i o d of change, t h e t i t l e 
" T e c h n i c a l S t u d i e s " became t h e name by which many 
workshop and t e c h n i c a l drawing a r e a s were d e s c r i b e d by 
t e a c h e r s . 
I n 1967 t h e S c h o o l s C o u n c i l founded P r o j e c t Technology 
a t Loughborough C o l l e g e of E d u c a t i o n under t h e 
d i r e c t o r s h i p of G e o f f r e y H a r r i s o n . I t s aim was t o 
promote a b e t t e r u n d e r s t a n d i n g i n boys and g i r l s of a l l 
a b i l i t y l e v e l s of t h e r e l e v a n c e of Technology t o our 
s o c i e t y . By 1974 t h e r e were produced f i f t e e n handbooks 
which t h e p r o j e c t team saw a s b e i n g used by t e a c h e r s 
who would sometimes ' t u r n t o P r o j e c t Technology 
p u b l i c a t i o n s f o r g e n e r a l g u i d e l i n e s , a t o t h e r t i m e s f o r 
more s p e c i f i c g u i d a n c e ' . ( 3 ) They a l s o r e c o g n i s e d t h a t 
s i n c e t h e work was not emanating from t h e u s u a l s o u r c e 
of c u r r i c u l u m a l t e r a t i o n , t h e s y l l a b u s s e s p u b l i s h e d by 
t h e p u b l i c e x a m i n a t i o n b o a r d s , t h e backgrounds of t h e 
t e a c h e r s who were becoming i n v o l v e d was not s u b j e c t 
s p e c i f i c . 'Sometimes t e c h n o l o g i c a l a c t i v i t i e s have 
o r i g i n a t e d i n s c i e n c e d e p a r t m e n t s , sometimes i n s c h o o l 
workshops, but u s u a l l y t h e y have d e v e l o p e d t o embrace 
or t o u c h upon e v e r y department of t h e s c h o o l . ' ( 3 ) 
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I n t h e -following t e n y e a r s s p i l o t s t u d i e s , r e p o r t s and 
t e x t books were p u b l i s h e d by t h e S c h o o l s C o u n c i l -
I n i t i a t i v e s took p l a c e a t s c h o o l and L o c a l A u t h o r i t y 
l e v e l and not o n l y c o n c e r n e d w i t h work t o be aimed a t 
p u p i l s aged 11 t o 16 y e a r s - I n 1970, f o r i n s t a n c e , an 
E n g i n e e r i n g S c i e n c e p r o j e c t was -funded j o i n t l y by t h e 
C o u n c i l and Loughborough, now a U n i v e r s i t y o-f 
Technology- A wide r a n g e o-f GCE Advanced l e v e l c o u r s e s 
i n c l u d e d e l e m e n t s o-f p h y s i c a l s c i e n c e and t h i s 
p r o j e c t ' 5 p r i m a r y aim was t o 'Produce s t i m u l a t i n g and 
e n j o y a b l e t e x t books by a d o p t i n g an e n g i n e e r i n g 
approach *- (4) 
Fox and M a r s h a l l a t Danum Grammar S c h o o l -for Boys a t 
D o n c a s t e r d e v e l o p e d a c o u r s e c a l l e d ' C o n t r o l 
T echnology' which was e d i t e d by V i l e s t o become a n o t h e r 
p a r t o-f S c h o o l s C o u n c i l P r o j e c t Technology, t h i s t i m e 
aimed a t 13, 14 and 15 y e a r o l d s . 
'Modular Te c h n o l o g y ' c o u r s e s s t a r t e d development i n 
H e r t f o r d s h i r e ( 1 9 7 0 ) , and Avon (1974) L o c a l E d u c a t i o n 
A u t h o r i t i e s - I n f l u e n c e d by t h e work o-f t h e School 
Technology Forum - based a t T r e n t P o l y t e c h n i c , 
Nottingham - a p r o j e c t team s t a r t e d t o d e v e l o p t h e work 
re a d y -for t r i a l i n 1977- The books, or modules, were 
p u b l i s h e d i n a s s o c i a t i o n w i t h t h e N a t i o n a l C e n t r e f o r 
S c h o o l s Technology which had been e s t a b l i s h e d a t T r e n t 
P o l y t e c h n i c under t h e d i r e c t i o n of G e o f f r e y S h i l l i t o . 
The modular approach was i n t e n d e d t o ' a l l o w s c h o o l s t o 
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s t a r t a two-year c o u r s e based on e i t h e r t h r e e modules 
s p r e a d over f o u r t e r m s f o l l o w e d by a major p r o j e c t , or 
a f i v e — m o d u l e c o u r s e s p r e a d over f o u r t e r m s f o l l o w e d by 
a s h o r t e r p r o j e c t ====== f o r which p u b l i c e x a m i n a t i o n s 
a t '0' l e v e l and CSE a r e a v a i l a b l e . ' ( 5 ) 
I n 1977 t h e t i t l e s " C r a f t " , " H a n d i c r a f t " and " T e c h n i c a l 
S t u d i e s " when a p p l i e d t o t h e work done i n s c h o o l 
woodwork and metalwork s h o p s , was o f f i c i a l l y 
s u p e r c e d e d . H . M . I n s p e c t o r a t e wrote, ' T h i s s u b j e c t a r e a 
h a s d e v e l o p e d c o n s i d e r a b l y o ver t h e l a s t decade and t h e 
t i t l e . C r a f t , D e s i g n and Technology, d e s c r i b e s more 
a d e q u a t e l y t h a n H a n d i c r a f t t h e wide s p e c t r u m of 
a c t i v i t i e s u n d e r t a k e n i n t h e s c h o o l workshops and 
drawing o f f i c e s . The p r i n c i p a l aim of H a n d i c r a f t was 
t h e p h y s i c a l and e m o t i o n a l development of b o y s , m a i n l y 
through t h e g r a d u a l a q u i s i t i o n of s k i l l s . C r a f t , D e s i g n 
and Technology e x t e n d s t h i s t o p r o v i d e a f u l l e r 
e x p e r i e n c e i n which c o g n i t i v e development f e a t u r e s more 
s t r o n g l y . I t s c e n t r a l aim i s t o g i v e g i r l s and boys 
c o n f i d e n c e i n i d e n t i f y i n g , e x amining and f i n a l l y 
s o l v i n g problems w i t h t h e u s e of m a t e r i a l s . 
C r a f t , D e s i g n and Technology h a s an i m p o r t a n t 
c o n t r i b u t i o n t o make t o t h e e d u c a t i o n of p u p i l s a s p a r t 
of t h e i r p r e p a r a t i o n f o r l i v i n g and working i n a modern 
i n d u s t r i a l s o c i e t y . ' ( 6 ) 
T h i s r e f e r e n c e was t h e f o r m a l r e c o g n i t i o n of a change 
i n c u r r i c u l u m c o n t e n t and d i r e c t i o n which had i t s r o o t s 
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f i r m l y w i t h i n t h e e d u c a t i o n s y s t e m . I t was a s s i s t e d and 
e n a b l e d by an agency whose champions had been e m b r o i l e d 
i n p o l i t i c a l i n - f i g h t i n g b e f o r e i t s b i r t h - An agency 
which s t o o d a p a r t from both t h e L o c a l E d u c a t i o n 
A u t h o r i t i e s and t h e Department of E d u c a t i o n and 
S c i e n c e , and had no mandatory powers. 
I f t h e S c h o o l s C o u n c i l was not empowered t o pour s a l t 
on t h e t a i l of c u r r i c u l u m development, i t d i d a t l e a s t 
d e m o n s t r a t e t h e u s e f u l n e s s of t h e dangled c a r r o t b e f o r e 
t h e l u b r i c a t e d machine. 
1= J . N i s b e t . ' S c h o o l s C o u n c i l . U.K.' C a s e S t u d i e s of 
E d u c a t i o n a l I n n o v a t i o n , OECD 1971. 
2. J . E g g l e s t o n . 'Design f o r Today'. S c h o o l s C o u n c i l . 
1974. 
3. ' P r o j e c t Technology Handbook Wol4 S i m p l e Computer 
and C o n t r o l L o g i c ' Heinemann & S c h o o l s C o u n c i l 1974. 
4. D.T. K e l l y . ' E n g i n e e r i n g S c i e n c e P r o j e c t — 
S t r u c t u r e s ' . S c h o o l s C o u n c i l & Loughborough U n i v e r s i t y 
of Technology. M a c m i l l a n 1974= 
5= R. Page. ' S c h o o l s C o u n c i l Modular C o u r s e s i n 
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Technology - T e a c h e r ' s Master Manual'- N a t i o n a l C e n t r e 
-for S c h o o l s Technology, T r e n t P o l y t e c h n i c . O l i v e r & 
Boyd- 1981-
6- ' C u r r i c u l u m 11-16', Working p a p e r s by 
H -M-Inspectorate- HMSO- 1977-
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2o WHAT I S THIS WONDERFUL THING TECHNOLOGY? 
H.M.I., i n t h e i r p u b l i c a t i o n ' C u r r i c u l u m 11-16' wrote a 
c h a p t e r d e d i c a t e d t o an a r e a o-f t h e s c h o o l c u r r i c u l u m 
which t h e y c a l l e d ' Technol ogy ' (1) » They in-formed us 
t h a t t h e word "Technology" was c o i n e d by Joseph 
Beckmann, a t h e o l o g i a n t u r n e d m a t h e m a t i c i a n and 
s c i e n t i s t — a s we s h a l l s e e , a s i g n i f i c a n t i f , by t h e 
s t a n d a r d s o-f today, p e r h a p s an u n l i k e l y c o m b i n a t i o n o-f 
i n t e r e s t s . 
A c c o r d i n g t o 'Who's Who i n S c i e n c e ' , Johann Beckmann 
was born 4 t h June 1739, t h e son o-f t h e d i r e c t o r o-f 
t a x a t i o n and c u s t o d i a n o-f p o s t a l s e r v i c e s , i n Hoya -
Germany. He was e d u c a t e d by h i s mother and went t o t h e 
Gymnasium a t S t a d e a t t h e age o-f f i f t e e n . I n 1759 he 
e n t e r e d t h e U n i v e r s i t y a t G o t t i n g e n t o s t u d y t h e o l o g y 
but t u r n e d t o mathematics and t h e n a t u r a l s c i e n c e s , 
p u b l i c f i n a n c e and a d m i n i s t r a t i o n , and p h i l o s o p h y . He 
a l s o e n j o y e d l a n g u a g e s . He t r a v e l l e d t o Sweden and 
Denmark i n s p e c t i n g mines, f a c t o r i e s and f o u n d r i e s . He 
was a p p o i n t e d e x t r a o r d i n a r y p r o f e s s o r of p h i l o s o p h y i n 
G o t t i n g e n (1766). H i s work t u r n e d more t o w a r d s a p p l i e d 
botany, a g r i c u l t u r e and p u b l i c economy, and an o r d i n a r y 
p r o f e s s o r s h i p of economic s c i e n c e s was c r e a t e d f o r him 
i n 1770. He h e l d t h e p o s t u n t i l h i s d e a t h i n F e b r u a r y 
of 1811. 'He founded t h e independant s c i e n c e of 
a g r i c u l t u r e w i t h h i s t e x t b o o k G r u n d s a t z e d e r t e u t s c h e n 
L a n d w i r t h s c h a f t ( 1 7 6 9 ) , and he s t r e s s e d t h a t p r a c t i c a l 
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a g r i c u l t u r e needed a s c i e n t i f i c f o u n d a t i o n s n a t u r a l 
h i s t o r y , m i n e r a l o g y , c h e m i s t r y , p h y s i c s , and 
mathematics were r e c o g n i s e d a s n e c e s s a r y a u x i l i a r y 
s c i e n c e s of a g r i c u l t u r e . ' ( 2 ) 
He r e c o g n i s e d t h e l i n k s between h i s a g r i c u l t u r e and 
both t h e p r o d u c t i o n of n a t u r a l m i n e r a l p r o d u c t s and 
mining t e c h n o l o g y - 'Who's Who i n S c i e n c e ' draws t h e 
c o n c l u s i o n t h a t i t was but a s m a l l s t e p f o r Beckmann t o 
become i n t e r e s t e d i n t h e p r o d u c t i o n of m e t a l s and from 
t h a t t o t h e p r o c e s s i n g of m a t e r i a l s i n g e n e r a l by 
i n d i v i d u a l t r a d e s - 'By 1B69 he was c a l l i n g h i s s c i e n c e 
of t r a d e s " t e c h n o l o g y " and i n 1777 h i s A n l e i t u n g z u r 
T e c h n o l o g i e a p p e a r e d , t h e f i r s t advanced t e x t b o o k i n 
t h i s f i e l d - I t i s noteworthy f o r i t s s y s t e m a t i c 
approach t o t h e v a r i o u s v o c a t i o n s and f o r i t s 
d e s c r i p t i o n s of a number of t r a d e s - ' ( 2 ) 
Almost l o s t i n t h i s b i o g r a p h i c a l summary i s t h e comment 
t h a t 'Bechmann was not w i t h o u t p r e c u r s o r s i n h i s 
a t t e m p t s t o s p r e a d t e c h n o l o g i c a l knowledge, but he was 
t h e f i r s t one t o s u c c e e d i n i n t r o d u c i n g t e c h n o l o g y a s a 
s e p a r a t e s u b j e c t i n t o t h e h i g h s c h o o l c u r r i c u l u m - ' ( 2 ) 
The i n t e r d i s c i p l i n i a r y n a t u r e of t e c h n o l o g y was t h e 
s u b j e c t of a n o t h e r book l a t e r i n h i s l i f e 'His at t e m p t 
i n 1806 (Entwurf d er a l g e m e i n e n T e c h n o l o g i e ) t o compare 
t h e p r o c e s s e s t h a t a r e u t i l i s e d i n t h e v a r i o u s a r e a s of 
t e c h n o l o g y t h a t a r e based on t h e same o b j e c t i v e s a l s o 
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d e s e r v e s p e c i a l a t t e n t i o n . Thus, -for example, t h e 
v a r i o u s a r e a s of c r u s h i n g or g r i n d i n g were examined 
w i t h a view toward p r o f i t i n g from t h e t r a n s f e r of an 
e s p e c i a l l y e f f i c i e n t p r o c e d u r e from one f i e l d t o 
a n o t h e r . ' ( 2 ) 
Another r e a s o n f o r Beckmann t o be brought t o our 
a t t e n t i o n i s t h a t he c o m p i l e d t h e f i r s t h i s t o r y of 
i n v e n t i o n s . " B e i t r a g e z u r G e s c h i c h t e der E r f i n d u n g e n " 
(Appendix 1 ) . I t i s not a c o m p l e t e h i s t o r y but ' i t i s 
an a d m i r a b l e c o l l e c t i o n of h i s t o r i c a l d e s c r i p t i o n s of 
i n d i v i d u a l i n v e n t i o n s ' (2) . 
R e t u r n i n g t o t h e 2 0 t h c e n t u r y , ' C u r r i c u l u m 11—16' 
c o n c l u d e s . " I t i s e s s e n t i a l t h a t 1 6 - y e a r - o l d s can 
u n d e r s t a n d T echnology, and t h a t t h e y a r e a b l e t o 
o p e r a t e v a r i o u s m a n i f e s t a t i o n s of i t " . Beckmann was 
i d e n t i f i e d by Hlil b e c a u s e of h i s u s e of t h e word 
'technology', n e i t h e r h i s i n t e r e s t i n i n v e n t i o n s nor 
h i s background was mentioned by them t o i l l u s t r a t e t h e 
way t h a t t h e y had i n f l u e n c e d Beckmann i n h i s u s e of t h e 
word. I t i s a l m o s t a s i f Beckmann was s e e n t o have 
found an e x i s t i n g , though p e r h a p s o b s c u r e , s t u d y which 
he f e l t s u i t e d h i s i n t e r e s t s and c o u l d be promoted -
p e r h a p s f o r h i s own g a i n . 
We have a l r e a d y s e e n t h a t through t h e work h i g h l i g h t e d 
and promoted by t h e S c h o o l s C o u n c i l , t e c h n o l o g y f o r 
s c h o o l s seems a l r e a d y t o be l i n k e d t o t h r e e t h i n g s . 
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u n d e r s t a n d i n g , o p e r a t i n g and i n v e n t i n g , but i f 
e d u c a t i o n i s t o s e r v e t h e whole o-f s o c i e t y e q u a l l y , t h e 
ground r u l e s ought t o have been de-fined by someone and 
then u n d e r s t o o d by t h o s e t e a c h e r s who were t o be t h e 
S c h o o l s C o u n c i l s t a r g e t . A l l t e a c h e r s , f o r i t i s not 
s u f f i c i e n t o n l y t o a d d r e s s t h o s e d i r e c t l y i n v o l v e d -
t h e ones who w i l l be d e l i v e r i n g t h e c o n t e n t - but t o 
r e a c h o t h e r s whose a t t i t u d e s w i l l have t o move i n 
ord e r t o c r e a t e t h e s p a c e needed w i t h i n which t h e 
d e l i v e r e r s can work. 
I t i s one t h i n g t o know t h a t something i s e s s e n t i a l , 
but a n o t h e r t o d e l i v e r i t . The d i f f i c u l t i e s of b r i n g i n g 
about change, compounded by t h e r e a l i t y of a l a c k of 
a c c e s s t o t h e e d u c a t o r s ' most i m p o r t a n t r e s o u r c e , t h e 
t e a c h e r and h i s / h e r a w a r e n e s s . 
A t e r t h e r e c o g n i t i o n of a need f o r change t h e f i r s t 
s t e p ought t o have been t h e e s t a b l i^iment of a common 
u n d e r s t a n d i n g - a d e f i n i t i o n . How do H.!i.I= d e f i n e what 
t h e y dubbed a s b e i n g an e s s e n t i a l a r e a of t h e 
c u r r i c u l u m ? 
I n t h e i r s e c o n d p a r a g r a p h t h e y s t a t e , 'Technology h a s 
been d e f i n e d a s 'the r a t i o n a l a p p l i c a t i o n of s c i e n c e t o 
t h e human c o n d i t i o n ' ' . ( 1 ) ( T h e r e i s no r e f e r e n c e t o 
t h e i r s o u r c e . ) C l e a r l y a d e f i n i t i o n t o mean a l l t h i n g s 
t o a l l men, though w i t h an u n d e r t o n e which h e l p s t o 
c r e a t e t h e a r c h e t y p i c a l image of a w h i t e c o a t e d , 
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b e s p e c t a c l e d e x p e r t -
As i f a p p r e c i a t i n g i t s own s h o r t c o m i n g s , t h e p a r a g r a p h 
then c o n t i n u e s by e x h o r t i n g t h e r e a d e r t o weigh each of 
t h e words c a r e f u l l y and t o be aware t h a t ' i t i s not 
s i m p l y a c o n c e r n w i t h ' s c i e n c e ' , but w i t h p e o p l e , 
s o c i e t y , r e a s o n , d e c i s i o n making, p r o c e s s e s i n p o l i t i c s 
and i n i n d u s t r y - ' < 1 ) 
Having p r o s c r i b e d an ' e s s e n t i a l ' c u r r i c u l u m a r e a and 
th e n f a i l e d t o a r r i v e a t a working d e f i n i t i o n of what 
i t i s t h e y would r e c o g n i s e a s f u l f i l l i n g i t , H - l i - I -
p r o c e d e s t o r e c o g n i s e t h a t e v e r y s y l l a b u s 'can make 
some k i n d of c o n t r i b u t i o n t o our comprehension of 
t e c h n o l o g y , i f , t h a t i s , t h e s y l l a b u s e s a r e a p p r o p r i a t e 
t o t h e needs of p r e s e n t - d a y s o c i e t y - ' I am l e f t w i t h a 
f e e l i n g t h a t H-M-I- do not r e a l l y u n d e r s t a n d t h e n a t u r e 
of t h e t a s k . Put s i m p l y , t h e t r a n s l a t i o n a p p e a r s t o be, 
'Technology, which we cannot d e f i n e , i s an e s s e n t i a l 
p a r t of t h e 11-16 c u r r i c u l u m - I f your s c h o o l i s a l r e a d y 
doing i t s job p r o p e r l y , t h e n t e c h n o l o g y w i l l be b e i n g 
t a u g h t - " 
The i m p l i c a t i o n i s c l e a r - I f t h e c u r r i c u l u m of t h e 
s c h o o l i s i n a p p r o p r i a t e , i t needs changing- And who 
would a r g u e w i t h t h i s ? But s u r e l y , i f o n l y t h e r e f e r e e 
knows t h e r u l e s and r e f u s e s t o t e l l them t o anyone, how 
would anyone know how t o s t a r t ? I t i s not s u f f i c i e n t t o 
s a y , ' J u s t k i c k t h e b a l l and I ' l l t e l l you a s you go 
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along? ' The - f r i g h t e n i n g r e a l i t y seems t o be t h a t t h e 
r e f e r e e s h o u l d not be s u r p r i s e d i f no one wants t o p l a y 
t h e game! 
H.M.I, a v o i d t h e o p p o r t u n i t y of d e f i n i n g " t e c h n o l o g y " 
f o r t h e a s s i s t a n c e of t e a c h e r s , p r e f e r r i n g i n s t e a d t o 
assume a u n i v e r s a l u n d e r s t a n d i n g . Having a r r i v e d a t 
t h i s i n t e l l e c t u a l l y c o w a r d l y and e r r o n e o u s d e c i s i o n , 
t h e y t h e n s t a t e , " . . . . i t i s not proven t h a t t e c h n o l o g y 
i s a s e p a r a t e d i s c i p i i n e . " ( 1 ) Another pompous s t a t e m e n t 
c r e a t i n g t h e i l l u s i o n of a p r o f o u n d i t y and t h u s not 
seeming worthy of r e s e a r c h u n t i l we r e c o g n i s e t h a t we 
do not know what t o s e a r c h f o r . I t does, however, have 
a n o t h e r s i g n i f i c a n c e f o r , on r e f l e c t i o n , i t sounds 
l i k e an e x c u s e f o r not a d v o c a t i n g a m a s s i v e t e a c h e r 
t r a i n i n g i n i t i a t i v e ! L a t e r we a r e a d v i s e d t h a t , 
" R e s p o n s i b i l i t y f o r b r i n g i n g t e c h n o l o g y i n t o t h e 
c u r r i c u l u m ought t o be s h a r e d by any department which 
can make a u s e f u l c o n t r i b u t i o n i n t h e m a t t e r . " C D At 
t h i s p o i n t p e r h a p s we s h o u l d have a r r i v e d a t t h e 
c o n c l u s i o n t h a t t h e need f o r t e c h n o l o g y i n t h e 
c u r r i c u l u m i s s o u r g e n t , t h a t an 'any p o r t i n a st o r m ' 
a t t i t u d e h a s p r e v a i l e d ! 
R e t u r n i n g t o t h e a n a l o g y of t h e b a l l game, p e r h a p s 
t h e r e i s a n o t h e r way of l o o k i n g a t t h e problem of 
p r o v i s i o n . 
Suppose t h e p h i l o s o p h e r c a n humble h i m s e l f i n t h e e y e s 
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of h i s c r i t i c s and s a y t h a t t h e r e i s a g e n e r a l l y h e l d 
image, a c o n c e n s u s , a g e s t a l t , of what t e c h n o l o g y i s . 
Suppose t h a t he c an t h e n c o n v i n c e t h e l i s t e n e r s t h a t 
t h e i m p o r t a n t t h i n g i s t o s t r i v e t o w a r d s i t , and t h a t 
t h e d e f i n i n g of i t i s of p e r i p h e r a l i m p o r t a n c e . I f t h e y 
c o u l d a c c e p t t h i s , t h e n he c o u l d blow t h e w h i s t l e and 
t h e y would a l l be a b l e t o make a s t a r t by k i c k i n g t h e 
b a l l i n t h e r i g h t d i r e c t i o n . When a problem a r o s e 
p e r h a p s t h e p l a y e r s c o u l d be persu a d e d t o f i n d a way of 
r e s o l v i n g i t . The a n a l o g y becomes a l i t t l e t e n u o u s a s 
t h e number of p l a y e r s i s s e e n t o i n c r e a s e , and t h e 
p o s i t i o n and d i r e c t i o n of t h e b a l l might a l s o become 
o b s c u r e d by p l a y e r s who come and go a s t h e y p e r c e i v e 
t h e i r i n t e r e s t s b e i n g b e s t s e r v e d t o a g r e a t e r , or 
l e s s e r , e x t e n t . 
S t i l l , w i t h t h e a b s e n c e of h u m i l i t y , C u r r i c u l u m 11-16 
w h i s t l e d i n t o t h e wind and t h o s e p l a y e r s who had r e a d 
t h e book were a b l e t o s t a r t r u n n i n g about and k i c k i n g 
t h e b a l l i n t h e g e n e r a l d i r e c t i o n of no l e s s t h a n e i g h t 
s e t s of g o a l p o s t s . The e i g h t human a t t r i b u t e s which Hlil 
s a y " t e c h n o l o g y " w i l l a f f e c t . 
1. C r e a t i v e . 
2. A e s t h e t i c . 
3= L i n g u i s t i c . 
4. M a t h e m a t i c a l . 
5. S c i e n t i f i c . 
6. S o c i a l . 
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7. P o l i t i c a l . 
8= S p i r i t u a l and E t h i c a l . 
The s i mi 1 a r i t y o-f t h i s l i s t t o a l i s t of t h e 
de p a r t m e n t s i n Comprehensive s c h o o l s may e i t h e r be 
c o n t r i v e d or c o i n c i d e n t a l . I n e i t h e r e v e n t i t does 
appear t o g i v e f u r t h e r grounds f o r any t e a c h e r t o 
p r o f e s s a l e g i t i m a t e , i f i n s e c u r e , a b i l i t y t o a d d r e s s 
t h e s u b j e c t and t a k e t o t h e f i e l d , t h u s compounding t h e 
d i f f i c u l t y i n a r r i v i n g a t a commonly a c c e p t e d 
description« 
I t i s i n t h e p a r a g r a p h t i t l e d 'Conceptual Knowledge' 
t h a t we f i n d t h e s e n t e n c e , 'The v e r y c o n c e p t of 
'tech n o l o g y ' r e q u i r e s e x p l a n a t i o n , and some department 
ought t o be g i v e n t h i s r e s p o n s i b i 1 i t y | i t i s by no 
means c l e a r t h a t t h i s i s g e n e r a l l y done a t p r e s e n t . ' ( 1 ) 
So, w i t h t h a t i n mind I have a t t e m p t e d a c o l l e c t i o n of 
d e f i n i t i o n s , d e s c r i p t i o n s and r e l e v a n c i e s , w i t h t h e aim 
of s y n t h e s i s i n g a working d e f i n i t i o n . 
H a r r i s o n and B l a c k remind u s t h a t , t o t h e q u e s t i o n 
'What i s T e c h n o l o g y ? ' , came t h e r e p l y . 'Technology i s a 
d i s c i p l i n e d p r o c e s s u s i n g r e s o u r c e s of m a t e r i a l s , 
e n e r g y and n a t u r a l phenomena t o a c h i e v e human 
p u r p o s e s . ' ( 3 ) A u s e f u l c o l l e c t i o n of u n d e r s t a n d a b l e 
words i n a s e n t e n c e which makes o b v i o u s s e n s e . T h i s h a s 
much t o do w i t h t h e i r p r a c t i c a l i n v o l v e m e n t i n t e a c h e r 
t r a i n i n g and t h e work of P r o j e c t T echnology which 
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r e q u i r e d s k i l l , knowledge and i n t e l l e c t - When s e t 
a g a i n s t t h e i r i n d i v i d u a l backgrounds a s t h e d e v e l o p e r s 
o-f t h i s p a r t i c u l a r c u r r i c u l u m a r e a p e r h a p s t h i s 
a ccomplishment i s l e s s s u r p r i s i n g - I n c o n t r a s t , t h e 
C o n c i s e Ox-ford D i c t i o n a r y de-fines t h e word ass ' S c i e n c e 
o-f t h e i n d u s t r i a l a r t s ? e t h n o l o g i c a l s t u d y o-f 
development o-f a r t s ' (4) , not t o my mind a h e l p f u l 
e x p i a n a t i on -
Those most a b l e t o s e e t h e n a t u r e of t h e b e a s t w i l l be 
t h o s e who have had f i r s t hand e x p e r i e n c e of d e a l i n g 
w i t h i t - The f o l l o w i n g i s a c o l l e c t i o n from a 
r e p r e s e n t a t i v e group-
Keeping d e f i n i t i o n s s h o r t and e a s i l y u n d e r s t o o d may 
make them e a s y t o r e c a l l . B u c k m i n s t e r F u l l e r was quoted 
by Rt= Hon- A- Wedgwood Benn, M i n i s t e r of Technology 
1966/70, 'Technology s i m p l y means g e t t i n g more out of 
l e s s - ' ( 5 ) However I am l e f t w i t h t h e f e e l i n g t h a t t h i s 
b r e v i t y was d e s i g n e d w i t h humour, r a t h e r t h a n r e a l i s m , 
i n mind- The Open U n i v e r s i t y , f o r whose p u b l i c a t i o n 
Benn p r o v i d e d t h e i n t r o d u c t i o n , a s s e r t s t h a t 
'Technology l e a d s t o t h e making of t h i n g s which t e n d t o 
change t h e w o r l d i n which we l i v e ' ( 5 ) and ' i t i s 
c o n c e r n e d w i t h t h e problem of c r e a t i n g new t h i n g s of 
v a l u e t o man.'(5) I l i k e d e f i n i t i o n s t o be 
a u t h o r i t a t i v e , and t h e u s e of ' l e a d s t o ' d i s a p p o i n t s 
me. Worthy of s p e c i a l mention i s t h e i n c l u s i o n of t h e 
word 'new'. The w r i t e r a s s o c i a t e s i t w i t h t h e a r t i f a c t 
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and n o t t h e method or t o o l = 
The Welsh J o i n t E d u c a t i o n Committee c o n s i d e r t h a t , 
'Technology i s p r i n c i p a l l y concerned w i t h d e sign and 
problem s o l v i n g processes, which draw upon s c i e n t i f i c 
and t e c h n i c a l knowledge t o g e t h e r w i t h o t h e r r e s o u r c e s . 
I t a l s o i n v o l v e s management of t h e environment and 
r e q u i r e s t h a t t h e d i f f e r e n t c o n s t a i n t s imposed by 
knowledge, r e s o u r c e s and t h e environment a r e 
r e c o g n i s e d . ' ( 6 ) 
The S o c i e t y of Ed u c a t i o n O f f i c e r s s t a t e s t h a t , 
' T e c h n o l o g i c a l c a p a b i l i t y encompasses a n a l y t i c a l s k i l l s 
and s c i e n t i f i c knowledge b u t a l s o t h e d e s i g n , 
manufacture and m a r k e t i n g o f goods and s e r v i c e s . ' ( 7 ) 
H i c k s , s t a f f HMI f o r C.D.T. m a i n t a i n e d t h a t 'Technology 
i s t h o u g h t of as t h a t body o f knowledge and e x p e r i e n c e 
w i t h which man has p r o g r e s s i v e l y mastered and e n r i c h e d 
h i s e n v i r o n m e n t . ' ( 8 ) 
N i c h o l s o n , C D= T„ A d v i s e r , s t a t e d t h a t 'Technology has 
been d e f i n e d as t h e p u r p o s e f u l use of man's knowledge 
of n a t u r a l phenomena, m a t e r i a l s and sources o f 
ene r g y . ' ( 9 ) 
The East A n g l i a n Examinations Board, e t a l , sought t o 
p r o v i d e a complete d e s c r i p t i o n . 'Technology i s 
concerned w i t h t h e i d e n t i f i c a t i o n of t h e needs of man 
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and t h e endeavour t o s a t i s f y t h o s e needs by t h e 
a p p l i c a t i o n o f s c i e n c e and t h e use o-f m a t e r i a l 
r e s o u r c e s and energy- I t i s concerned w i t h s o l v i n g 
problems where t h e r e i s no r i g h t or wrong answer, o n l y 
good or bad s o l u t i o n s t o a problem- T e c h n o l o g i c a l 
b e h a v iour r e q u i r e s a c t i v i t i e s t h a t a r e c r e a t i v e and 
demanding, where t h e laws and p r i n c i p l e s o-f s c i e n c e , 
t h e c o n s t r a i n t s o f s o c i e t y and economics a r e a p p l i e d t o 
problems of s a t i s f y i n g human needs- T e c h n o l o g i c a l 
b e h a v iour i n v o l v e s approaches and t e c h n i q u e s such as 
systems a n a l y s i s , problem i d e n t i f i c a t i o n , d e c i s i o n 
making, p l a n n i n g , i d e a communication and s o l u t i o n 
e v a l u a t i o n , t h a t i n v o l v e c o n s i d e r a t i o n s o t h e r t h a n 
pure s c i e n c e or c r a f t - ' ( 1 0 ) 
H-H- I n s p e c t o r a t e b e l i e v e d t h a t t h e s t u d y o f Technology 
would p r o v i d e 'an u n d e r s t a n d i n g o f p r i n c i p l e s r e l e v a n t 
t o t h e a p p l i c a t i o n of s c i e n t i f i c phenomena t o m a t e r i a l s 
i n a d e s i g n s i t u a t i o n - * ( 1 ) 
The Department of E d u c a t i o n and Science d e s c r i b e s 
Technology as b e i n g ' p r i n c i p a l l y concerned w i t h d e s i g n 
and p r o b l e m - s o l v i n g processes l e a d i n g t o t h e making and 
e v a l u a t i o n of a r t e f a c t s and systems- I t draws upon 
s c i e n t i f i c p r i n c i p l e s - Technology a l s o i n v o l v e s 
management of t h e en v i r o n m e n t , and f a m i l i a r i t y w i t h t h e 
concepts of m a t e r i a l s , energy and c o n t r o l - ' ( 1 1 ) 
E x amination of a l l t h e s e s t a t e m e n t s i l l u m i n a t e s f o u r 
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areas which seem t o be of common importance. 
There i s r e f e r e n c e t o humanity on b o t h t h e s o c i a l and 
p e r s o n a l l e v e l s , t h e r e i s r e f e r e n c e t o t h e i n t a n g i b l e ^ 
a body of knowledge and t h e ways i t can be used, t h e r e 
i s r e f e r e n c e t o t h e t a n g i b l e ^ t h e c r e a t i o n s of man, and 
t h e r e i s r e f e r e n c e t o t h e environment or n a t u r a l 
phenomena* I t Mould seem t h a t a l l of t h e s e areas ought 
t o be r e p r e s e n t e d i n any d e s c r i p t i o n of t e c h n o l o g y -
I t would seem t h e r e f o r e t h a t t e c h n o l o g y i s t h e 
a p p l i c a t i o n by mankind of c a p a b i l i t i e s t o a v a i l a b l e 
r e s o u r c e s w i t h t h e aim of p r o d u c i n g improvements. 
Having a r r i v e d a t a w o r k i n g d e f i n i t i o n of t h e word, 
what a r e t h e m a n i f e s t a t i o n s of i t s meaning? 
The p r o d u c t s of man's c a p a b i l i t y a r e r e f l e c t i o n s of h i s 
p r o g r e s s . But what i s meant when 'human p r o g r e s s ' i s 
b e i n g discussed? Undoubtably t h e r e i s an u n d e r s t a n d i n g 
t h a t change has t a k e n p l a c e and t h e r e i s t h e 
i m p l i c a t i o n t h a t t h e c u r r e n t s i t u a t i o n i s b e t t e r t h a n 
t h e f o r m e r . From t h e r e s u l t s of r e s e a r c h and t h e 
e v a l u a t i o n of past p r a c t i c e s , we draw c o n c l u s i o n s . We 
a r e t h e r e c i p i e n t s of 'news', i t e m s which d e s c r i b e what 
was n o t done, or known, y e s t e r d a y . M i l e s t o n e s on t h e 
road t o t h e f u t u r e . P r ogress i s seen t o be a f u n c t i o n 
of t h e body o f a v a i l a b l e knowledge, t h e s o p h i s t i c a t i o n 
of a v a i l a b l e equipment, t h e u n d e r s t a n d i n g of s u i t a b l e 
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processes and t h e passage of t i m e . However when - f u r t h e r 
c o n s i d e r e d , t h e word 'pr o g r e s s ' as a p p l i e d t o t h e human 
s o c i a l c o n d i t i o n , i s n o t so easy t o d e f i n e as i t i s 
when a p p l i e d t o changes i n p h y s i c a l p o s i t i o n . , S o c i a l 
p r o g r e s s i s o f t e n a case of one man's meat b e i n g 
another man's p o i s o n , and i n t h e western democracies 
t h e r e c o g n i t i o n of t h i s has g i v e n r i s e t o t h e p r o v i s i o n 
of mechanisms whereby opposing p u b l i c p e r c e p t i o n s can 
be a i r e d in. a c o n t r o l l e d way. P l a n n i n g committees 
j u d g i n g t h e e r e c t i o n o f house e x t e n s i o n s a t t h e l o c a l 
c o u n c i l l e v e l , t h e method by which t h e c o u n t y c o u n c i l s 
were t o e s t a b l i s h t h e s t r u c t u r e p l a n s o f t h e e a r l y 
1970's which were meant t o l a y o u t parameters f o r t h e 
f u t u r e p h y s i c a l and economic c h a r a c t e r i s t i c s o f l a r g e 
areas of t h e c o u n t r y and p u b l i c e n q u i r i e s t y p i f i e d by 
Windscale i n 197S and S i s e w e l l i n 1986, a r e t h r e e 
examples of t h e B r i t i s h way. 
C l e a r l y t h e r e i s a p l a c e f o r moral and e t h i c a l 
judgements i n t h e process of change which t e c h n o l o g i c a l 
movement p r e c i p i t a t e s . 
P u b l i c p e r c e p t i o n of change i s a m a t t e r of concern t o 
anyone whose p r o g r e s s and w e l l — b e i n g depends upon i t s 
r e a c t i o n . Whether t h e y r e p r e s e n t t h e i r own i n t e r e s t o r 
t h e i n t e r e s t o f o t h e r s , t h e f u r t h e r a n c e o f t h e change 
i s a goal r e p r e s e n t i n g a c h a l l e n g e t o t h e i r r e p u t a t i o n 
and when seen as such i t becomes c l e a r t h a t t h e g r e a t e r 
t h e impact of t h e change, t h e g r e a t e r w i l l be t h e 
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c h a l l e n g e and t h e s t r o n g e r t h e i r m o t i v a t i o n f o r 
success. They w i l l c o n s i d e r t h e s t r e n g t h and 
d i s p o s i t i o n of p o s s i b l e o p p o s i t i o n and t h e s c a l e of t h e 
a c t u a l r e a c t i o n w i l l be compared w i t h t h e s c a l e of t h e 
proposed change and a p p r o p r i a t e s t r a t e g i e s f o r 
f a v o u r a b l e p r o g r e s s w i l l be developed. 
T h i s awareness of ' r e a l w o r l d ' r e a c t i o n i s n o t s o l e l y 
t h e way of t h e proposer of a new chemical p l a n t b u t i s 
a l s o t h e concern of t h e d e s i g n e r s of t h e l a t e s t 
g e n e r a t i o n of v i d e o r e c o r d e r s . 
I n a t e c h n o l o g i a l s o c i e t y t h e r e i s a l s o a case f o r an 
a p p r e c i a t i o n of t h e mechanisms whereby c r i t i c i s m i s 
l e v e l l e d , and an u n d e r s t a n d i n g of t h e l i m i t s a s s o c i a t e d 
w i t h d i f f e r e n t f i e l d s o f c o m p l a i n t , eg. t h e o b j e c t o r s 
t o a Motorway a r e l o c a l l y a s s o c i a t e d and have an 
e s t a b l i s h e d forum t o work t h r o u g h . The r u l e s of t h e 
forum were n o t w r i t t e n by t h e o b j e c t o r s b u t o n l y w i t h 
them i n mind, by t h o s e whose main i n t e r e s t i s i n t h e 
c o n t r o l of d i s s e n t . C r i t i c s of t h e performance of 
domestic a r t e f a c t s , on t h e o t h e r hand a r e l i k e l y t o be 
much more d i s p e r s e d and would f i n d i t much more 
d i f f i c u l t t o e s t a b l i s h a c o n c e r t e d and r e p r e s e n t a t i v e l y 
s t r o n g p o i n t of view. T h e i r r u l e s of c o l l e c t i v e d i s s e n t 
a r e f a r from c l e a r , a l t h o u g h as i n d i v i d u a l s t h e y have 
l o c a l t r a d i n g o f f i c e r s t o speak t o . 
I t would be n a i v e t o assume t h a t t h o s e i n c o n t r o l of 
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i n n o v a t i o n would, o r c o u l d , r e p r e s e n t t h e c o l l e c t i v e 
s o c i a l c oncience o-f t h e n a t i o n and even i-f t h e y d i d , 
t h e s t a n d a r d s o-f one n a t i o n may n o t be th o s e of i t s 
neighbour- Yet t h e r e a l i t y of h i s t o r y shows t h a t even 
s o c i e t i e s which espouse t h e ' s o c i a l ' e t h i c as opposed 
t h e t h e ' c a p i t a l i s t ' e t h i c a r e n o t w i t h o u t f a u l t s i n 
t h e way t h e y c o n t r o l t h e i r t e c h n o l o g i c a l i n n o v a t i o n s -
The e x p l o s i o n of number 4 r e a c t o r a t Chernobyl i n t h e 
USSR i n 19B6 i s evidence of t h a t - But b e f o r e s a g e l y 
knodding of heads s i g n a l s t h e commencement of mutual 
s e l f - r i g h t e o u s n e s s i t i s w e l l t o r e c a l l t h e p o i s o n i n g 
of Seveso i n N o r t h e r n I t a l y , t h e c a t a s t r o p h e o f Bhopal 
i n I n d i a , t h e e x p l o s i o n a t F l i x b o r a u g h , Humberside, and 
t h e p a n i c a t H a r r i s b u r g , USA-
Where Chernobyl s h o u l d b e g i n t o r i n g new alarms i s i n 
t h e m a t t e r of t h e containment of e t h i c s , f o r t h e 
shor t c o m i n g s which were t h i s d i s a s t e r ' s p r e c u r s o r had 
t h e i r r o o t s i n t h e procedures of t h e s o c i e t y of t h e 
USSR- Wot o n l y does p o l i t i c a l i d e o l o l o g y seem t o h o l d 
l i t t l e sway over t h e m a g n i f i c a t i o n f r o m humble 
b e g i n n i n g s t o a w f u l f i n a l i t y o f some of t e c h n o l o g y ' s 
obscure s h o r t c o m i n g s , b u t i t s e f f e c t s a r e now seen t o 
r e j e c t p o l i t i c a l b oundaries- A l t h o u g h t h e r e may be room 
f o r argument about t h e o r i g i n s o f t h e a c i d r a i n s a i d t o 
be d e v a s t a t i n g t h e f o r e s t s and l a k e s o f S c a n d i n a v i a , 
t h e i n d i s p u t a b l e r e s u l t s of Chernobyl p u t t h e ' s o c i a l ' , 
' p o l i t i c a l ' and ' e t h i c a l ' a s p e c t s of t h e HMI's e i g h t 
human a t t r i b u t e s i n t o p e r s p e c t i v e - I f t h e r e no 
PAGE 37 
r e a l i s t i c p o s s i b i l i t y or d e s i r e a b i 1 i t y of h a l t i n g 
t e c h n o l o g i c a l change, and i-f i t s c o n t r o l i s l e s s t h a n 
p e r f e c t l y a p p l i e d , i t w i l l r e q u i r e a g r e a t e r 
u n d e r s t a n d i n g o-f what i s p o s s i b l e b e f o r e t h e r e a l i t y of 
' p r o gress' i s grasped. 
There a r e t h o s e who, f o l l o w i n g t h e p u b l i c a t i o n of t h e 
Club of Rome's r e p o r t 'The L i m i t s To Growth' i n 1972 
( 1 2 ) , began t o v o i c e c o n t i n u a l concern over t h e ways i n 
which t h e r e s o u r c e s of t h e e a r t h were b e i n g d e p l e t e d . 
Pressure groups and p u b l i c a t i o n s c u r r e n t l y mount 
campaigns of e d u c a t i o n and p r o t e s t i n t h e i r a t t e m p t t o 
make known t h e i r f e a r s over t h e scant r e g a r d t h e human 
r a c e pays t o t h e non—renewable m i n e r a l r e s o u r c e s and 
oppressed l i f e forms of t h e p l a n e t . The v o i c e s a r e 
o f t e n r e p o r t e d i n terms on t h e c r i t i c a l s i d e of 
n e u t r a l , which w i l l be seen w i t h p i t y i f t h e y a r e 
proved c o r r e c t . 
What i s n o t i n doubt i s t h e f a c t t h a t n a t u r a l r e s o u r c e s 
a r e t h e t a r g e t of t e c h n o l o g i c a l a c t i v i t y and a l t h o u g h 
some can be be r e - c y c l e d , t h o s e which g i v e up p a r t , or 
a l l , of t h e i r energy c o n t e n t a r e p r o b a b l y l o s t u n l e s s 
t h e i r r e s u l t a n t p r o d u c t s a r e made t o become of 
permanent use. The d e s c r i p t i o n w i l l i n e v i t a b l y i n v o l v e 
t h e m a n i p u l a t i o n of q u a n t i t i e s , t h e u n d e r s t a n d i n g of 
r a t e s of change and t h e m o d e l l i n g of t r e n d s b o t h a c t u a l 
and p r o j e c t e d — t h e s t u f f of mathematics. 
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Throughout t h e i r book 'Science and S o c i e t y ' , Rose and 
Rose (13) pursue t h e r e l a t i o n s h i p between s c i e n c e and 
t e c h n o l o g y o They a r e prepared t o acknowledge t h e 
e x i s t e n c e of pure s c i e n c e , t h e 'Everest Complex' or 
doing s c i e n c e f o r i t s own sake, ' l i k e c o l l e c t i n g 
stamps', but t h e y quote S i r E r i c Ashby, 'Crawling along 
t h e f r o n t i e r s of knowledge w i t h a hand l e n s . ' However 
t h e y i d e n t i f y two o t h e r d i r e c t i v e s f o r r e s e a r c h p o l i c y . 
One i s t h e d i r e c t i v e f rom a government which wants t o 
t a r g e t a c t i v i t y f o r a p a r t i c u l a r purposes war, defence, 
i l l n e s s , t he environment, and t h e o t h e r i s t h e 
p e r c e p t i o n of a r e s e a r c h r o u t e f r o m t h e e v a l u a t i o n of 
an a p p l i c a t i o n of an e a r l i e r r e s u l t of s c i e n c e . 
Technology w i l l a l s o have t h e need f o r more r e s e a r c h . 
Science has l o n g been seen as t h e p r o v i n c e of t h e w h i t e 
coated ' e x p e r t ' , steeped i n obscure, p r o b a b l y s e c r e t 
and c e r t a i n l y i n e x p l a i n a b l e m a t t e r s . The BBC Radio Goon 
show i n t r o d u c e d us t o t h e man f r o m t h e ' M i n i s t r y of 
C e r t a i n T h i n g s ' , and Michael F l a n d e r s and Donald Swann 
d e s c r i b e d a c o n v e r s a t i o n w i t h a S c i e n t i s t , "H—2 SO-4, 
p r o f e s s o r ! " . To which came t h e r e p l y , "And t h e 
r e c i p r o c a l of p i t o your dear w i f e ! " ( 1 4 ) . 
Technology i s n o t a m a t t e r f o r t h e e x p e r t s . I t i s 
p r a c t i s e d by t h e people who s h o u l d a p p r e c i a t e i t s 
p o t e n t i a l and ought t o r e c o g n i s e i t s r e s u l t s . People 
equipped t o t h i s l e v e l and h a v i n g a r i g h t t o d e t e r m i n e 
t h e i r f u t u r e s w i l l be a b l e t o i n f l u e n c e a t l e a s t two of 
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t h e t h r e e ways t h e i r n a t i o n w i l l develop. 
But f i r s t t h e y w i l l need t o und e r s t a n d t h a t such 
i n v o l v e m e n t i s b o t h i m p o r t a n t and i n t e l l e c t u a l l y 
p o s s i b l e , and t h e f i r s t s t e p s t o change w i l l have t o be 
made i n t h e s c h o o l s because t h e u n d e r s t a n d i n g , 
knowledge and immediacy does n o t y e t e x i s t i n t h e 
homes. 
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5„ QF THE TECHNOLOGY OF THE COMPUTER, 
'A computing machine i s a d e v i c e f o r - f a c i l i t a t i n g t h e 
performance o-f mathematics, t h e g r e a t e r p a r t o-f which 
would be v e r y much b e t t e r n o t done'. F-CoWi11iaras- (1) 
There a r e r e f e r e n c e s i n many school t e x t books t o t h e 
o r i g i n s o f t h e computer, indeed i t seems t o be 
mandatory — almost a t e s t o f t h e a u t h o r i t y of t h e 
w r i t e r - t o f i n d a new t a r g e t f o r i t s i n v e n t i o n - I have 
t h e a w f u l v i s i o n of p l a y g r o u n d d i s c u s s i o n groups l o c k e d 
i n e a r n e s t debate over t h e use of Burner i an c l a y 
t a b l e t s , t h e s i m i l a r i t y of t h e Az t e c , Russian and 
Chinese abacus t o t h e Japanese soroban and t h e 
d i f f e r e n c e s between t h e d i g i t a l computer produced by 
B l a i s e Pascal i n 1642 and t h e A n a l y t i c a l Engine of 
Char l e s Babbage i n 1833-
Perhaps t h e y would be s e p a r a t e d by a t e a c h e r , an under 
- g r a d u a t e of t h e Open U n i v e r s i t y , of nervous t w i t c h 
and b l e a r y eye whose c o n s t a n t g l a n c i n g a t her w r i s t 
c l i n g i n g watch reminds us of Lady Macbeth's damned 
spot- H u s s e y ( 2 ) , she might i n j e c t , made t h e p o i n t t h a t 
Babbage never managed t o produce a w o r k i n g p r o t o t y p e 
and t h a t even i f he had, t h e machine would n o t have 
f u l f i l l e d t h e r e q i r e m e n t s f o r a 'Computer' as o u t l i n e d 
by Newman(3)-
Peace i n s t a n t l y r e t u r n s , l e a v i n g t h e p u p i l s t o p l a y and 
t h e t e a c h e r t o r e t u r n t o her w o r r y - w h i s t l e -
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Someone t o l d me, a l o n g t i m e ago, t h a t t h e l e a r n i n g o-f 
names and date s would never be o-f much p r a c t i c a l use. 
They were r i g h t . 
However, what i s o-f r e l e v a n c e t o C.D.T. i s t h e process 
o-f development, t h e d e s i g n i n g , of t h e computer because 
i t i s a new p r o d u c t seemingly w i t h o u t a h i s t o r y . I t i s 
almost as i f i t appeared from nowhere and reproduced a t 
an a l a r m i n g r a t e . T r u l y t h e s t u f f of s c i e n c e f i c t i o n ! 
We a r e now accustomed t o computers, h a v i n g seen them i n 
shop windows, on t h e t e l e v i s i o n and i n s c h o o l s . We a r e 
t r e a t e d t o views of smart p l a s t i c cases, t e x t u r e d and 
c o l o u r e d , and t h e c o m f o r t i n g c o n f i d e n c e of b o t h 
s a l e s p e r s o n s and o t h e r computer u s e r s who expound t h e i r 
v i r t u e s w i t h an unending s e r i e s of acronyms. I t i s n o t 
easy t o a p p r e c i a t e t h a t , as t h e r e was a Wr i g h t B i — P l a n e 
t o our s u p e r - s o n i c Concorde, so t h e r e was a p r i m i t i v e 
and u n a t t r a c t i v e predecessor t o our c u r r e n t p e r s o n a l 
computers. 
The b i — p l a n e , wooden w i t h f a b r i c , w i r e and h a v i n g t h e 
aspect of a c h i l d s c a t s c r a d l e , i s as f a r removed f r o m 
what we now r e g a r d as s a f e and e f f i c i e n t a v i a t i o n as a 
c h i l d s den i n t h e bushes i s fr o m even t h e humblest of 
d w e l l i n g houses. Yet t h e den, n o t u n l i k e t h e b i — p l a n e , 
i t i s an a t t e m p t by an u n s o p h i s t i c a t e d mind t o use 
a v a i l a b l e s k i l l s and m a t e r i a l s t o s a t i s f y a need. 
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Technology i n p l a y - b u t c o n s i d e r t h e c h i l d ' s r e s u l t as 
seen by t h e u n t h i n k i n g . 
When t h e r e s u l t s o-f t h i s young t e c h n o l o g i s t a t p l a y a r e 
jud g e d , l a c k i n g as t h e y do q u a l i t y of f i n i s h , a r e we t o 
expect t h e same sh o u l d t h e e x e r c i s e be t r a n s f e r r e d i n t o 
a school s i t u a t i o n ? I f s o , and u n l e s s u n d e r s t a n d i n g i s 
e s t a b l i s h e d , t e a c h e r s w i l l c o n t i n u a l l y be l o o k i n g over 
t h e i r s h o u l d e r s , w a i t i n g f o r c r i t i c i s m and c o m p l a i n t . 
There i s no s a t i s f a c t i o n i n b e i n g c o n t i n u a l l y 
c r i t i c i s e d . W i t h o u t e x t e r n a l a p p r e c i a t i o n of t h e 
seeming l a c k of emphasis on c r a f t s m a n s h i p , t h e 
o p p o r t u n i t y f o r c r e a t i v i t y of t h i s s o r t w i l l be almost 
s t i 1 1 b o r n . 
I f i t c o u l d be e s t a b l i s h e d t h a t t h e r e was a ' s t r i n g and 
s e a l i n g wax' s t a g e t o t h e development of a l l p r o d u c t s , 
t h e e f f o r t s of t h e young may y e t be seen f o r what t h e y 
a r e , i n n o v a t i o n s f r o m w i t h i n a d e v e l o p i n g mind. 
We have seen e a r l y photographs of a e r o p l a n e s , steam 
en g i n e s , looms and a g r i c u l t u r a l machinery, a l l i n 
o p e r a t i o n . But i t i s almost as i f i t i s not i n t h e 
m a n u f a c t u r e r s i n t e r e s t t o r e l e a s e evidence of h i s 
p r i m i t i v e e f f o r t s and f a i l u r e s . I t goes w i t h o u t s a y i n g 
t h a t o n l y t h e f a i l u r e s which r e s u l t i n t r a g e d y a r e ever 
p u b l i c i s e d and so i t i s l i t t l e wonder t h a t t h e r e i s no 
p u b l i c a p p r e c i a t i o n of how e a r l y work i s 'lashed-up'. 
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P r o f e s s o r F.C. W i l l i a m s ' account of t h e development of 
t h e computers a t Manchester U n i v e r s i t y i s f a s c i n a t i n g , 
n o t because i t d e s c r i b e s t h e ' i n v e n t i o n of t h e 
computer', but because i s t e l l s us how i t was b e f o r e 
t h e advent of t h e smart p l a s i c case and t h e regimented 
r a n k s of semiconductors s o l d e r e d u n i f o r m l y t o 
g e o m e t r i c a l l y l i n e d boards. I t i l l u s t r a t e s t h e ad—hoc 
n a t u r e of i n n o v a t i o n and t h e w e l l r e c o g n i s e d problem of 
minimal f u n d i n g ! 
W i l l i a m s l e f t t h e Telecommunications Research 
E s t a b l i s h m e n t (TRE) a t Great Malvern and h i s Radar 
r e s e a r c h i n 1946, t o t a k e t h e C h a i r of E l e c t r i c a l 
E n g i n e e r i n g a t Manchester U n i v e r s i t y . He r e c a l l e d h i s 
i n t e r e s t i n computers b e i n g aroused a t TRE, because as 
t h e war ended, t h e Radar e x p e r t s had 'endless s o l u t i o n s 
and no problems'. He f r e e l y a d m i t t e d t o b e i n g no 
m a t h e m a t i c i a n , but r e c o g n i s e d t h e need f o r an 
e l e c t r i c a l l y o p e r a t e d ' s t o r a g e system' when i t was 
brought t o h i s a t t e n t i o n and, by u s i n g h i s p a s t 
e x p e r i e n c e , a t t h e end of 1946 t h e c a t h o d e - r a y t u b e was 
made t o s t o r e and d i s p l a y one b i n a r y d i g i t . T h i s method 
of s t o r a g e was r a p i d l y developed t o handle more th a n 
one thousand d i g i t s , or luminous d o t s , which c o u l d be 
assembled i n t o p a t t e r n s on t h e screen of t h e t u b e . The 
p a t t e r n s c o u l d be m a n i p u l a t e d t o f o r m a l p h a n u m e r i c a l 
c h a r a c t e r s , and by t h e end of 1948 he was a b l e t o s t o r e 
as much as 340 k i l o d i g i t s w i t h i n h i s c a t h o d e - r a y 
system. However i t i s as w e l l t o a p p r e c i a t e t h a t t h e 
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achievement so -far was o n l y t h e a b i l i t y t o s t o r e p u l s e s 
e l e c t r o n i c a l l y . 
W i l l i a m s , and h i s c o l l e a g u e K i l b u m , knew n o t h i n g about 
computing but much about e l e c t r o n i c c i r c u i t s . Newman 
and T u r i n g , i n t h e mathematics department o-f t h e 
U n i v e r s i t y , knew much about computing but s u b s t a n t i a l l y 
n o t h i n g about e l e c t r o n i c s . The c o - o p e r a t i o n between 
t h e s e two i n t e r e s t s r e s u l t e d i n 1949 i n t h e o p e r a t i o n 
of a machine which c o u l d access 5120 d i g i t s i m m e d i a t e l y 
•from a two CRT s t o r e s and a f u r t h e r 40,960 d i g i t s h e l d 
on a r o t a t i n g magnetic drum. The machine u t i l i s e d t h r e e 
o t h e r CRT's, one f o r an accumulator where t o t a l s were 
made and h e l d , one f o r keeping c o n t r o l and t h e o t h e r 
f o r h o l d i n g i n s t r u c t i o n s which t h e machine might want 
t o m o d i f y . T h i s l a s t i s now u s u a l l y c a l l e d an 'index 
r e g i s t e r ' . 
W i l l i a m s n o t e s an i n t e r e s t i n g c o n f l i c t which arose 
between mathematics and e l e c t r o n i c s - i n t e r e s t i n g 
because i t b r i n g s i n t o f o c u s t h e r e a l - w o r l d l i m i t a t i o n s 
of ' t h e o r e t i c a l ' knowledge. He w r o t e t h a t t h e machine 
worked i n a s e r i a l way. That i s t o say t h a t p u l s e s of 
e l e c t r i c i t y r e p r e s e n t i n g t h e make—up of numbers were 
sent one a f t e r a n o t h e r . ' I n mathematics t h e l e a s t 
s i g n i f i c a n t d i g i t o c c u r s on t h e r i g h t . I n s e r i a l 
machines t h e l e a s t s i g n i f i c a n t d i g i t must be o p e r a t e d 
on f i r s t i n o r d e r t h a t c a r r i e s may be d e t e r m i n e d . I t i s 
w e l l known i n e l e c t r o n i c s t h a t t i m e f l o w s from l e f t t o 
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r i g h t , so t h e l e a s t s i g n i f i c a n t d i g i t must be on t h e 
l e f t . The s o l u t i o n adopted was t o employ a system o-f 
numbers c a l l e d " b i n a r y b a c k w a r d s " ' = ( i ) 
W i l l i a m s observed t h a t t h e c r e a t i o n s a t i s f i e d h i s own 
d e f i n i t i o n of a computer (see paragraph o n e ) , b u t d i d 
no t s a t i s f y t h a t of t h e Royal S o c i e t y (RS) d i s c u s s i o n 
i n 1948 which d e s c r i b e d computers as h a v i n g t o be 
a u t o m a t i c , d i g i t a l and g e n e r a l purpose. 
I t i s a t t h i s p o i n t i n h i s paper t h a t we b e g i n t o 
a p p r e c i a t e another of t h e p r a c t i c a l r e a l i t i e s of 
development work w h i c h , i n my mind, r e f l e c t s something 
of t h e c h i l d s den. He r e c o g n i s e s t h a t s i n c e t h e 1948 
machine r e q u i r e d human i n t e r v e n t i o n d u r i n g t h e s o l u t i o n 
of a problem, i t c o u l d n o t be d e s c r i b e d as a u t o m a t i c , 
and he d e s c r i b e s why t h i s i s so. The reason was t h a t 
t h e magnetic s t o r e , t h e r e v o l v i n g drum, was i n a room 
on t h e f l o o r above t h e e l e c t r o n i c s t o r e — t h e CRT's. 
T r a n s f e r s between t h e two had t o be made by s e t t i n g 
s w i t c h e s 'and t h e n r u n n i n g t o t h e bottom o f t h e s t a i r s 
and s h o u t i n g "We a r e ready t o r e c e i v e t r a c k 17 on tu b e 
1!"'.(1) T h i s s h o r t c o m i n g was d e s c r i b e d by W i l l i a m s as 
bei n g ' t r i v i a l ' , and w e l l i t may have been i n terms o f 
t h e e f f o r t r e q u i r e d t o r e p l a c e i t w i t h something more 
a k i n t o a u t o m a t i o n . 
But t h e f a c t remains t h a t here was a r a t h e r 'boots and 
bra c e s ' s t a g e which had t o happen b e f o r e we c o u l d have 
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our modern p e r s o n a l m i c r o ' s . 
I f t h i s -fact i s of s i g n i f i c a n c e t o t h e C.D.T. t e a c h e r 
of t o d a y , W i l l i a m s ' n e x t admission i s a t l e a s t o f equal 
importance,, He r e p o r t s t h a t t h e machine we have j u s t 
been c o n s i d e r i n g was n o t t h e one which had t h e g r e a t e s t 
impact on computing a t Manchester U n i v e r s i t y ! Having 
spent such t i m e and e f f o r t , t h i s p r o d u c t was n o t t h e 
one which went f o r w a r d t o t h e n e x t s u c c e s s f u l s t a g e . 
For t h o s e t e a c h e r s who have p r a c t i c a l e x p e r i e n c e of 
t h i s i n t h e workshop, t h e y w i l l r e c o g n i s e t h e i r i n i t i a l 
r e f u s a l t o b e l i e v e i n t h e i r own d i a g n o s i s . They w i l l 
a l s o r e c o g n i s e t h a t t h e r e a r e t i m e s when 'the b e s t of a 
bad j o b ' must be made, b u t t h a t , s a d l y , t h e r e a r e 
o t h e r s when a l l t h e s i n c e r e hard work can be r e c o g n i s e d 
as h a v i n g n o t been i n q u i t e t h e r i g h t d i r e c t i o n , and 
th e p r o d u c t has t o be pu t t o one s i d e — scrapped. T h i s 
i s n o t t h e s t u f f o f my y o u t h f u l c r a f t room when t h e 
outcome was c l e a r l y known i n advance, and t h e 
s t r a t e g i e s f o r success were w e l l e s t a b l i s h e d . F a i l u r e 
i n t h o s e days was t h e r e s u l t of a l a c k of c r a f t s k i l l . 
For t h e sake of completeness - i f not t o f u e l 
p l a y g r o u n d ardour - i t i s as w e l l t o r e c o r d h e r e , t h a t 
t h e machine which f i r s t performed a c c o r d i n g t o t h e 
t h r e e parameters l a i d down by Newman a t t h e RS, d i d so 
i n Manchester i n t h e J u l y of 1948= 
Now, a p a r t f r o m t h e r e a s s u r a n c e t h a t h i g h t e c h n o l o g y 
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has i t s r o o t s f i r m l y on t h e -f l o o r ( o r perhaps - f l o o r s ) , 
what e l s e do we l e a r n -from P r o f e s s o r W i l l i a m s paper? We 
-find t h a t t h e machine was b u i l t by 'doing' and t h a t t h e 
'do—ers' were n o t a l l academics. Indeed i t would seem 
t h a t t h e development would have t a k e n l o n g e r i-f t h i s 
c o - o p e r a t i o n had n o t happened. 
I t i s w o r t h n o t i n g t h a t P r o f e s s o r M.V = W i l k e s , who was 
a l s o w o r k i n g on t h e d e s i g n of a Computer a t Cambridge 
U n i v e r s i t y , s a i d i n 1974, 'Various p r o p o s a l s f o r 
memories of o t h e r t y p e s had been d i s c u s s e d i n 
P h i l a d e l p h i a and I heard a f t e r w a r d s o f t h e h i g h l y 
o r i g i n a l work t h a t F„CWi11iams was engaged on; t h e s e , 
however, a l l seemed t o i n v o l v e a good deal of 
s p e c u l a t i v e r e s e a r c h ' = ( 4 ) From t h i s paper, which 
d e s c r i b e s t h e p r o g r e s s of t h e EDSAC machine a t 
Cambridge and i n p a r t i c u l a r t h e development of 'high 
speed memory', n o t o n l y do we r e c o g n i s e t h a t W i l l i a m s 
methods, which i n c l u d e d ' s p e c u l a t i v e r e s e a r c h ' — what 
my g r a n d f a t h e r used t o c a l l 'suck i t and see' - were 
not w i t h o u t t h e i r c r i t i c s , b u t a l s o t h a t t h e Cambridge 
machine s t a r t e d t o work i n May 1949, one year l a t e r 
t h a n i t s Mancunian r e l a t i v e . I n c i d e n t a l l y W i l k e s , who 
l i k e W i l l i a m s had been engaged i n wartime Radar b u t 
whose background was i n pure and a p p l i e d mathematics 
and r a d i o p h y s i c s , n o t e s b r i e f l y ? 'We, a l o n g w i t h o t h e r 
groups, had g r e a t t r o u b l e i n making t h e mechanical 
p e r i p h e r a l s meet our r e q u i r e m e n t s f o r speed and 
r e l i a b i l i t y . The advances t h a t were made i n t h i s 
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d i r e c t i o n , p a r t i c u l a r l y as r e g a r d s r e l i a b i l i t y , have 
been - f e l t -far o u t s i d e t h e computer f i e l d ' (4) „ An 
i n t e r e s t i n g o b s e r v a t i o n -for two reasons. The 
r e c o g n i t i o n o f t h e need f o r an u n d e r s t a n d i n g of t h e 
n a t u r e o f mechanisms w h i l s t w o r k i n g on what a t f i r s t 
s i g h t i s n ot r e c o g n i s e d as b e i n g a mechanical problem, 
h i g h l i g h t s t h a t aspect o f 'technology' which 
demonstrates t h e need f o r f u r t h e r r e s e a r c h b e f o r e i t 
can proceed. 
We have a l r e a d y seen what might be d e s c r i b e d as t h e 
' n a t u r a l development ' of school t e c h n o l o g y as hav i n g 
come from b o t h s c i e n c e and C.D.T. t e a c h e r s who have 
n o t , i n ev e r y case, been w o r k i n g t o g e t h e r . Here i s 
another p o s s i b l e l i n k , what might be c a l l e d t h e 
' s c i — t e c h continuum'. 
I n h i s l e t t e r t o me c o n c e r n i n g t h e development of 
M i c r o e l e c t r o n i c s w i t h i n Durham Local E d u c a t i o n 
A u t h o r i t y , Brimshaw i d e n t i f i e s t e n areas o f t h e 
c u r r i c u l u m where he b e l i e v e s a s p e c t s of 
m i c r o e l e c t r o n i c s t o be of i n t e r e s t , and I quote him a t 
length? 
'a) E l e c t r o n i c s as a s u b j e c t i n i t s own r i g h t . 
b) E l e c t r o n i c s i n C o n t r o l Technology — an area of 
major i n t e r e s t t o CDT t e a c h e r s . 
c) E l e c t r o n i c s i n Computing - computer c o n t r o l i s of 
i n t e r e s t i n many areas of t h e c u r i c u l u m . 
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d) E l e c t r o n i c s i n Science - many P h y s i c s s y l l a b u s e s 
i n v o l v e some as p e c t s of E l e c t r o n i c s though u s u a l l y on 
an a n a l y t i c a l r a t h e r t h a n a de s i g n and a p p l i c a t i o n 
l e v e l . There i s a l s o a l o t of p o t e n t i a l -for u s i n g 
E l e c t r o n i c s i n s c i e n t i f i c measurements and d a t a 
c o l l e c t i o n . 
e) E l e c t r o n i c s as a t e a c h i n g a i d f o r t e a c h e r s of 
c h i l d r e n w i t h s p e c i a l needs. 
f ) E l e c t r o n i c s i n R u r a l Science and Envir o n m e n t a l 
S t u d i e s - t h e scope f o r s e n s i n g and c o n t r o l of 
e n v i r o n m e n t a l c o n d i t i o n s i s a t l e a s t as g r e a t as i t i s 
i n Science. Weather c o n d i t i o n s can be m o n i t o r e d 
( t e m p e r a t u r e , p r e s s u r e , h u m i d i t y , r a i n f a l l , l i g h t 
c o n d i t i o n s , wind speed and d i r e c t i o n ) . S a i l m o i s t u r e 
c o n t e n t and a c i d i t y can a l l be m o n i t o r e d w i t h r e l a t i v e 
ease. 
g) E l e c t r o n i c s i n t h e Pr i m a r y School - i t can be used 
as a new approach t o a c h i e v i n g many e d u c a t i o n a l 
o b j e c t i v e s i n t h e p r i m a r y s c h o o l . The " W i r r a l 
E l e c t r o n i c s Pack" i n p a r t i c u l a r has been used t o 
i n t r o d u c e c h i l d r e n t o problem s o l v i n g s i t u a t i o n s , 
d e s i g n , numeracy, group work, language and many o t h e r 
p u p i 1 - c e n t r e d a c t i v i t i e s . 
h) E l e c t r o n i c s i n Music - musical a p p l i c a t i o n o f 
E l e c t r o n i c s and M i c r o e l e c t r o n i c s a r e w e l l developed i n 
i n d u s t r y and o f f e r new approaches t o t h e t e a c h i n g of 
musi c. 
i ) E l e c t r o n i c s i n P h y s i c a l E d u c a t i o n - t h i s i s an area 
which as y e t i s r e l a t i v e l y untouched by new t e c h n o l o g y 
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and where a l o t of scope e x i s t s -for new t e a c h i n g 
approaches. 
j ) An awareness of M i c r o e l e c t r o n i c s , i t s impact i n 
s o c i e t y g p o t e n t i a l and l i m i t a t i o n s s h o u l d be a p a r t o-f 
every c h i l d ' s e d u c a t i o n . ' ( 5 ) 
The Penguin d i c t i o n a r y o-f E l e c t r o n i c s s t a t e s : 
" E l e c t o n i c s . That branch of s c i e n c e and t e c h n o l o g y 
which i s concerned w i t h t h e s t u d y of t h e phenomena of 
c o n d u c t i o n o f e l e c t r i c i t y i n a vacuum, i n a gas, and i n 
semiconductors, and w i t h t h e a p p l i c a t i o n of d e v i c e s 
u s i n g t h o s e phenomena.'(6) I t goes on t o d e s c r i b e 
M i c r o - e l e c t r o n i c s as? 'A branch o f e l e c t r o n i c s 
concerned w i t h t h e d e s i g n , p r o d u c t i o n and a p p l i c a t i o n 
of e l e c t r o n i c d e v i c e s o f v e r y s m a l l d imensions, i n 
which a h i g h p a c k i n g d e n s i t y of t h e component p a r t s i s 
achieved by e l i m i n a t i n g i n d i v i d u a l c o n t a i n e r s and 
c o n n e c t i n g w i r e s . ' ( 6 ) For t h e purposes o f t h e 
c u r r i c u l u m , perhaps i t would be b e t t e r n o t t o draw a 
d i s t i n c t i o n between t h e two. 
I am a l i t t l e unsure o f Brimshaw's meaning of ' s u b j e c t 
i n i t s own r i g h t ' ( 5 ) . There i s a w o r l d i n which 
e l e c t r o n i c components a r e designed and made, but I 
cannot b e l i e v e t h a t such a c a p a b i l i t y can be developed 
i n c h i l d r e n of secondary school age. Nor am I s u r e t h a t 
t h e equipment would be a f f o r d a b l e . Perhaps what i s 
meant i s t h e use of e l e c t r o n i c components t o make 
c i r c u i t s . T h i s i s s u r e l y a k i n t o t h e t o o t h b r u s h r a c k 
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and i s , as we have seen, now a d i s c r e d i t e d c u r r i c u l u m 
aim. The f i n a l p o s s i b i l i t y i s t h e des i g n and 
c o n s t r u c t i o n o-f e l e c t r o n i c a r t e f a c t s . L i m i t i n g t h e 
s o l u t i o n o f any p r o j e c t t o a p a r t i c u l a r t e c h n i q u e i s 
not e f f i c i e n t and i s c e r t a i n l y n o t t h e aim of C.DnT= I 
must q u e s t i o n b o t h t h e l o g i c and t h e c o s t — e f f e c t ! v e n e s s 
of s e t t i n g — u p a c u r r i c u l u m area i n o p p o s i t i o n t o one 
whose aims ar e b o t h r e c o g n i s e d and accepted — w i t h t h e 
aim of e d u c a t i o n a l r e g r e s s i o n . 
The d i s t i n c t i o n between b & c i s i n t e r e s t i n g . I t i s 
p o s s i b l e t o c o n t r o l u s i n g e l e c t r o n i c s , and I would n o t 
d i s a g r e e w i t h h i s p e r c e p t i o n o f t h e C.D.T. i n t e r e s t i n 
t h i s area. However I wonder how much of t h e e l e c t r o n i c s 
of a computer must be mastered b e f o r e one can use i t t o 
c o n t r o l . T h i s i s a t h o u g h t which w i l l need t o be 
pondered as more i s un d e r s t o o d o f t h e use t o which 
computers a r e p u t . 
Using e l e c t r o n i c s f o r t h e c o l l e c t i o n of da t a and f o r 
making measurements seems t o me t o r e q u i r e as much 
c a p a b i l i t y i n t h e area of e l e c t r o n i c i n s t r u m e n t a t i o n as 
would be r e q u i r e d t o make a wooden r u l e b e f o r e h a v i n g 
t o measure l e n g t h . (See a l s o ' f ' , 'h' and ' i ' ) 
The same i s t r u e of e, b u t i s n o t of t h e same r e l e v a n c e 
s i n c e t h e presumption i s t h a t of a t e a c h i n g a i d f o r t h e 
b e n e f i t o f t h e t e a c h e r . A p a r a l l e l might w e l l be drawn 
w i t h t h e need t o understand t h e wo r k i n g s of a r e d 
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b a l l — p o i n t pen b e f o r e marking books. 
The design-based approach t o l e a r n i n g , as we have seen 
i n t h e development of C.D.T. as a c u r r i c u l u m a r e a , i s 
j u s t i f i e d . However, j u s t because C.D.T. does n o t appear 
as a t i t l e i n p r i m a r y s c h o o l s , t h e r e i s no reason n o t 
t o use a l t e r n a t i v e media t o a t t e m p t t h e same aims — so 
lo n g as t h e r e i s a b r e a d t h o f m a t e r i a l s and p o s s i b l e 
s o l u t i o n s a v a i l a b l e . I f n o t , we s h a l l merely have 
succeeded i n s h i f t i n g t h e problem, t h a t o f knocking t h e 
i n v e n t i v e n e s s o u t of c h i l d r e n , t o an e a r l i e r age. 
There i s much t o be s a i d f o r making people aware o f t h e 
s o c i a l impact of t e c h n o l o g y , and i t c o u l d be argued 
t h a t t h e l a s t people t o handle t h i s s h o u l d be t h e 
t e c h n o l o g i s t s . A c y n i c might w e l l draw t h e p a r a l l e l 
w i t h t h e b i o - c h e m i s t who succeeds i n j u s t i f y i n g h i s 
work and o b t a i n s a c o n t i n u e d g r a n t o n l y t o demonstrate 
t h e awesome e f f e c t of a g e n e t i c a l l y e ngineered v i r u s . 
Grimshaw's r e f e r e n c e t o e l e c t r o n i c s i n t h e area of 
c o n t r o l begs an u n d e r s t a n d i n g o f t h e n a t u r e of c o n t r o l 
i t s e l f . I f c o n t r o l i s t o be a p p r e c i a t e d i t has t o be 
demonstrated, and w i t h o u t f i r s t h a v i n g t h e e l e c t r o n i c 
c o n t o l l e r s ( f o r e l e c t r o n i c s i u a t i o n s ) t o hand, i t 
cannot be done. B u i l d i n g t h e c o n t r o l l e r s f i r s t would be 
e l e c t o n i c t o o t h b r u s h r a c k b u i l d i n g , and so we have a 
'chicken & egg' s i t u a t i o n . 
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The advent o-f t h e v e r s a t i l e microcomputer, an 
e l e c t r o n i c b o K - o f - t r i cks capable o-f b e i n g c a r r i e d 
about, has enabled t h e t e a c h i n g approach t o be 
r e v o l u t i o n i s e d by removing t h e p h i l o s o p h i c a l l y 
i r r e c o n c i 1 e a b l e dichotomy of t h e a t t a i n m e n t of an 
i n n o v a t i v e end by t h e use of d i s c r e d i t e d means* I t s 
co m p a r a t i v e cheapness and a b i l i t y t o be used f o r 
d i f f e r e n t a c t i v i t i e s has enabled i t t o be j u s t i f i e d i n 
i t s use i n a wide range of school s i t u a t i o n s . 
Computers a r e used i n process c o n t r o l f o r t h r e e main 
reasons- The f i r s t has t o do w i t h t h e a b i l i t y of t h e 
computer t o s t o r e i n f o r m a t i o n , and t h e second i s 
r e l a t e d t o i t s a b i l i t y t o p e r f o r m c a l c u l a t i o n s a t v e r y 
h i g h speeds. I t i s t h e t h i r d , however, i t s a b i l i t y t o 
ac t independant1y and r e l i a b l y w i t h o u t c o n s t a n t 
s u p e r v i s i o n , which i s i t s g r e a t e s t a s s e t . 
The c o m b i n a t i o n o f t h e s e t h r e e i s what has caused t h e 
r e v o l u t i o n i n process c o n t r o l , f o r whatever can be 
observed and t r a n s l a t e d i n t o s m a l l impulses of 
e l e c t r i c i t y can be m o n i t o r e d w i t h i n t h e computer and 
r e l a t e d t o i n s t r u c t i o n s a l r e a d y p r e s e n t . F u r t h e r m o r e , 
i f s m a l l e l e c t r i c a l impulses can be t r a n s l a t e d i n t o 
l a r g e r s c a l e o p e r a t i o n a l a c t i v i t i e s , t h e computer i s 
capable of i n f l u e n c i n g i t s environment. 
T h i s i s t h e c l a s s i c ' i n p u t — process — o u t p u t ' ( I P O ) 
s i t u a t i o n and when o p e r a t e d by m i c r o — e l e c t r o n i c s , i s 
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p r o b a b l y t h e u l t i m a t e goal i n t h e a r t i f i c i a l use o f t h e 
IPO t r i a d . 
There i s , however, one f u r t h e r and most i n t r i g u i n g use 
of t h e computer f o r which many can g i v e t h a n k s , f o r 
a l t h o u g h i t may w e l l be t h a t most computers a r e used 
f o r a u t o m a t i c c o n t r o l , t h e computer i s capable o f 
' s i m u l a t i o n ' , and s i m u l a t i o n i s o f t e n cheaper t h a n t h e 
r e a l t h i n g ! 
Since o u t p u t can be sent t o any d e v i c e which i s 
s e n s i t i v e t o p u l s e s , a l t e r n a t i v e d e v i c e s can be 
s u b s t i t u t e d f o r t h e r e a l t h i n g . S i m u l a t i o n i s p o s s i b l e 
a t any t i m e d u r i n g t h e development of t h e process 
s t r a t e g y , an advantage which can be a p p r e c i a t e d more 
when t h e m o d i f i c a t i o n of an e s t a b l i s h e d process i s 
r e q u i r e d i n a complex and p o t e n t i a l l y hazardous 
environment= 
The development and m o d i f i c a t i o n of c o n t r o l processes, 
when done i n c o n j u n c t i o n w i t h a l t e r n a t i v e o u t p u t 
d e v i c e s , and perhaps u t i l i s i n g a l t e r n a t i v e forms o f 
i n p u t i s known as ' m o d e l l i n g ' . Another use of t h e same 
word r e s u l t s i n t h e c o n s t r u c t i o n of s m a l l <and i n some 
cases l a r g e ) s c a l e p r o t o t y p e s . T h e i r b e h a v i o u r , as t h e y 
are s u b j e c t e d t o t h e r i g o u r s o f use, can be r e l a t e d t o 
t h a t of t h e t a r g e t , p r o v i d i n g t h a t enough i s known of 
t h e r e l a t i o n s h i p s between t h e two. The computer i s 
p a r t i c u l a r l y u s e f u l h e r e , because t h e s e r e l a t i o n s h i p s , 
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when reduced t o mathematical models, a r e r a r e l y l i n e a r 
b u t complex. The computer i s c a p able o-f p r o c e s s i n g a t 
h i g h speed, and th e s e complex r e l a t i o n s h i p s can be 
r a t i o n a l i s e d a t speeds which s t i l l a l l o w t e s t s t o be 
conducted i n such a way as t o r e p r e s e n t t h e speeding—up 
o-f t i m e , t h u s m o d e l l i n g a ye a r ' s use i n t h e space o-f a 
number of weeks. 
The s t o r y o-f t h e development o-f t h e e l e c t r o n i c computer 
i s a w o n d e r f u l example o f t h e meaning of t e c h n o l o g y i n 
t h e raw, w a r t s and a l l ! A computer system i s now b o t h 
a f f o r d a b l e and, as we s h a l l see, capable of use as a 
m u l t i - purpose t o o l i n t h e development of f u r t h e r 
p r o d u c t s and systems. 
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4. W i l k e s M.V. 'E a r l y Computer Developmentsat 
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TRIST i n Durham LEA- 1986= (Appendix 2) 
6. P e l i c a n D i c t i o n a r y o-f E l e c t r o n i c s . 1971-
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4. CHILDREN HAVE DESIGNS ON OUR FUTURE 
The s t o r i e s o f W i l l i a m s a t Manchester and Wi l k e s a t 
Cambridge a r e n o t o n l y t h a t of t h e development, or as 
some would say i n v e n t i o n , of t h e e l e c t r o n i c computer 
but a l s o a d e s c r i p t i o n of t h e way i n which s c i e n t i f i c 
r e s e a r c h spawns t e c h n o l o g i c a l o p p o r t u n i t i e s . The 
immediate t a s k was n o t r e q i u r e d t o s a t i s f y t h e 
t e c h n o l o g i c a l r e q u i r e m e n t o f p r o d u c i n g an improvement. 
N e v e r — t h e — l e s s t h e team were i n v o l v e d i n t h e 
manufacture o f p i e c e s of nov e l equipment which would 
enable t h e i r r e s e a r c h t o p r o g r e s s . I n t h i s r e s p e c t , t h e 
s a t i s f a c t i o n o f t h e i r needs by p r a c t i c a l means, t h e i r 
work had a t e c h n o l o g i c a l aspect. 
The c o n t r a s t between t h e s c i e n t i f i c and t e c h n o l o g i c a l 
a c t i v i t i e s a t Manchester i s s t a r k and p r o v i d e s a u s e f u l 
o p p o r t u n i t y t o d i f f e r e n t i a t e between t h e two. The one 
i s open—ended where t h e r e s u l t may be i n t u i t i v e l y o r 
i n t e l l e c t u a l l y p r e d i c t e d b u t i n t h e end st a n d s by i t s 
own honest and i n d i s p u t a b l e t r u t h , and t h e o t h e r i s t h e 
s a t i s f a c t o r y o p e r a t i o n of a d e v i c e d o i n g what was seen 
t o be r e q u i r e d . 
The success of t h i s second i s t h e r e s u l t of a 
co m b i n a t i o n of d i l i g e n c e , s k i l l and knowledge, and i t s 
p r a c t i c e i s by f a r t h e most s i g n i f i c a n t d i f f e r e n t i a t o r 
between t e c h n o l o g y and o t h e r human endeavours. 
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I n h i s P r e s i d e n t i a l Address t o t h e I n s t i t u t i o n of 
Mechanical Engineers i n 1986, P r o f e s s o r B„ Cro s s l a n d 
o u t l i n e d h i s d e s i r a b l e o b j e c t i v e s i n e d u c a t i o n and 
t r a i n i n g which he b e l i e v e d s h o u l d be d i r e c t e d a t 
'design f o r p r o f i t a b l e manufacture'<1)= A f t e r n o t i n g 
h i s concern a t t h e 'very r e a l and r a p i d d e t e r i o r a t i o n 
i n our secondary e d u c a t i o n system', and t h e 
u n a f f o r d a b l e 'narrowly—based s c i e n c e / e n g i n e e r i n g 
s t u d e n t s or narrowl y — b a s e d a r t s s t u d e n t s i n t h e modern 
world'<1) which he d e p l o r e d , he made c l e a r h i s f e e l i n g s 
on t h e a c t i v i t y of d e s i g n . 
' I t needs t o be r e c o g n i s e d t h a t t h e e s s e n t i a l o b j e c t i v e 
of e n g i n e e r i n g e d u c a t i o n and t r a i n i n g s h o u l d be de s i g n 
f o r p r o f i t a b l e manufacture- I t i s not much use t o have 
a w o n d e r f u l d e s i g n i f one cannot make i t or when one 
has made i t i t i s e i t h e r t o o expensive f o r t h e market 
p l a c e or worse s t i l l i t has no p l a c e i n t h e market 
p l a c e . Design f o r p r o f i t a b l e manufacture s h o u l d be j u s t 
as much t h e f o c a l p o i n t of e n g i n e e r s as t h e human body 
i s t o t h e medical p r o f e s s i o n . E n g i n e e r i n g s c i e n c e s 
s h o u l d n o t be c o n s i d e r e d as f r e e s t a n d i n g u n r e l a t e d 
s u b j e c t s as i s f r e q u e n t l y t h e case? t h e y need t o be 
focussed on t h e d e s i g n p r o c e s s . An u n d e r s t a n d i n g o f 
m a n u f a c t u r i n g processes and systems i s an e s s e n t i a l 
p a r t of d e s i g n and t h e i n t e g r a t i o n of d e s i g n and 
manufacture needs t o be demonstrated d u r i n g e d u c a t i o n 
and t r a i n i n g . Design i s a m u l t i - d i s c i p l i n i a r y s u b j e c t 
which does n o t r e c o g n i s e o r s h o u l d n o t r e c o g n i s e t h e 
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a r t i f i c i a l b o u n d a r i e s between, -for i n s t a n c e , mechanical 
e n g i n e e r i n g and e l e c t r i c a l and e l e c t r o n i c e n g i n e e r i n g , 
and t h i s i s even more t r u e i n t h i s day and age» I t i s 
i m p o r t a n t t h a t t h i s i s c l e a r l y r e c o g n i s e d i n t h e 
e d u c a t i o n a l r e q u i r e m e n t s o-f t h i s i n s t i t u t i on= ' (1) 
He does n o t g i v e us t h e b e n e f i t o f what he understands 
t h e d e s i g n process t o be, b u t he makes a b u n d a n t l y c l e a r 
t h a t t h e r e i s a g r e a t p l a c e f o r d e s i g n e r s once t h e y 
have been i d e n t i f i e d . 
I t i s c l e a r f r o m P r o f e s s o r C r o s s l a n d s speech t h a t 
whatever d e s i g n i s , i t t a k e s p l a c e b e f o r e t h e p r o d u c t 
of man's l a b o u r s i s p r e s e n t e d f o r c o n s i d e r a t i o n by t h e 
wider p u b l i c . The purpose of t h i s t i m e i s t o ensure 
t h a t t o a r e c o g n i s e d degree, t h e emergent p r o d u c t w i l l 
f u l f i l l i t s i n t e n d e d purpose. The l e n g t h of t i m e spent 
i n t h i s c o n s i d e r a t i o n i s l i k e l y t o be v a r i a b l e b u t i t 
seems t h a t t h e s k i l l s employed can be s e l e c t e d f r o m a 
pool which must be r e c o g n i s a b l e by some! 
Design, observed H i c k s ' . . . i s what t h a t name i m p l i e s , 
t h e a n t i t h e s i s of a c c i d e n t ? and t h a t i m p l i e s d e c i s i o n 
making'= <2) 
L i k e t h e word ' t e c h n o l o g y ' , i t seems as i f we may be 
har d pressed t o d e f i n e what we mean by t h e word, b u t 
l e t us examine what H i c k s may mean. C o n s i d e r a t i o n o f 
t h e a n t i t h e s i s of a c c i d e n t must i n c l u d e r e f e r e n c e t o 
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'purpose', and f r o m t h i s perhaps we a r e t o accept t h a t 
a n y t h i n g d i s p l a y i n g purpose can be c o n s i d e r e d t o be 
d e s i g n . Purpose presupposes t h e r e c o g n i t i o n of a g o a l , 
and t h e process or campaign which l e a d s t o t h i s 
a t t a i n m e n t would be t h a t which we r e c o g n i s e as 
'design'. Can a p l a n t be s a i d t o d e s i g n as i t reaches 
towards t h e l i g h t ? Does a f o x e x h i b i t d e s i g n as i t 
s t a l k s i t s prey? 
The p l a n t i s r o o t e d t o i t s s p o t , but n e v e r — t h e — 1 e s s 
l e a n s towards t h e n a t u r a l l i g h t . The f o x has t h e 
advantage of movement. I t can p l a n a s t r a t e g y by 
l o o k i n g a t i t s goal f r o m a v a r i e t y o f s t a n c e s . I t i s 
then necessary f o r t h e f o x t o process i t s i n f o r m a t i o n , 
and i n t h e l i g h t o f what i t has l e a r n e d f o r m u l a t e i t s 
s t r a t e g y . I t i s here t h a t t h e f o x d i s p l a y s i t s a b i l i t y 
t o make d e c i s i o n s , an a b i l i t y which s e t s i t a p a r t f r o m 
t h e kingdom of t h e v e g e t a b l e . 
When Walker and Cross a s s e r t e d t h a t 'To t h e person i n 
t h e s t r e e t , t h e d e s i g n of a b u i l d i n g p r o b a b l y means 
i t ' s s t y l e - i t ' s shape, i t ' s f o r m - t o g e t h e r w i t h i t s 
c o l o u r s , t e x t u r e s and arrangement of windows, e t c ' ( 3 > , 
t h e y may n o t have been m i s t a k e n . Wot so t h e person i n 
t h e s t r e e t ! They go on t o i l l u s t r a t e f u r t h e r 
m i s c o n c e p t i o n s when t h e y c i t e t h e c o n s t r u c t o r of t h e 
b u i l d i n g who sees t h e ' p l a n ' ( o r drawing) as t h e 
d e s i g n , and t h e u s e r s of t h e b u i l d i n g who may w e l l 
d e s c r i b e t h e d e s i g n i n terms of t h e ' i n t e r n a l 
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arrangement o f rooms, c o r r i d o r s , doors and so on.'(3) 
They accept t h e s e f o u r d i f f e r e n t uses o f t h e word, and 
a l t h o u g h t h e y l i n k ' p r o d u c t ' w i t h 'arrangement' and 
'process' w i t h ' p l a n ' , t h e y a n a l y s e t h e word no 
further„ 
They do r e c o g n i s e t h e element o f process which d e s i g n 
embodies, when c o n s i d e r i n g 'the n a t u r e o f d e s i g n i n g ' , 
and t h e y acknowledge t h e need f o r o r g a n i s e d p r o g r e s s , 
as evidenced by a sub—heading, 'The de s i g n s t r a t e g y ' . 
The Secondary Examinations C o u n c i l d e s c r i b e s t h e 
d i s c o v e r y s t a g e as 'obs e r v i n g a c o n t e x t ' ( 4 ) . A f t e r t h e 
d i s c o v e r y o f area o f need, t h e d e s i g n e r r e q u i r e s t o 
have a s u c c i n c t w r i t t e n d e s c r i p t i o n againsed which he 
can t e s t h i s p r o g r e s s . 
Walker and Cross presume t h e e x i s t e n c e o f an i d e n t i f i e d 
c o n t e x t s i n c e 'The d e s i g n e r i s a u t h o r i s e d t o be g i n h i s 
work by some k i n d of b r i e f . ' ( 3 ) T h i s i s i n c o n t r a s t t o 
t h e s t a t e d assessment o b j e c t i v e i n t h e GCSE N a t i o n a l 
C r i t e r i a which r e a d s , '4.2 Candidates s h o u l d be a b l e t o 
s 3) i d e n t i f y problems which can be s o l v e d t h r o u g h 
p r a c t i c a l / t e c h n o l o g i c a l a c t i v i t y ? ' ( 5 ) . T h i s i s c l e a r l y 
o f some s i g n i f i c a n c e b o t h t o t e a c h e r and t a u g h t f o r i t 
assumes t h e e x i s t e n c e of a s t r a t e g y (and t h e a b i l i t y t o 
use i t ) f o r which i n d u s t r y e i t h e r has no use or 
e n t r u s t s t o t h o s e who a r e c o n s i d e r e d t o be i n v i s i b l e . 
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Rose and Rose r e c o r d t h e e s t a b l i s h m e n t by t h e A d m i r a l t y 
i n 1914, of a Board of I n v e n t i o n s and Research^ ' i t s 
terms of r e f e r e n c e , as quoted by A r t h u r Marwick, weres 
( i ) t o c o n c e n t r a t e e x p e r t s c i e n t i f i c e n q u i r y on c e r t a i n 
d e f i n i t e problems, t h e s o l u t i o n of which i s of 
i m p o r t a n c e t o t h e naval s e r v i c e s 
( i i ) t o encourage r e s e a r c h i n d i r e c t i o n s i n which i t i s 
p r o b a b l e t h a t r e s u l t s of v a l u e t o t h e navy may be made 
by o r g a n i s e d s c i e n t i f i c e f f o r t p 
( i i i ) t o c o n s i d e r schemes of s u g g e s t i o n s p u t f o r w a r d by 
i n v e n t o r s and o t h e r members of t h e g e n e r a l p u b l i c ' ( 6 ) 
The meaning of ' s c i e n t i f i c e n q u i r y ' i s n o t c l a r i f i e d 
and might w e l l have g i v e n cause f o r c o n f u s i o n - Did i t 
mean open—ended r e s e a r c h on m a t t e r s of genuine e n q u i r y 
such as weather f o r e c a s t i n g , or d i d i t perhaps i n t e n d 
t o a t t r a c t t h o s e who c o u l d develop and produce weapons= 
Science would n o t of i t s e l f h e l p w i t h t h e p r o d u c t i o n of 
t h e l a t t e r * The second i s c l e a r l y t h e p r o v i n c e of t h e 
s c i e n t i s t , b u t t h e l a s t i s c e r t a i n l y n o t and t h e 
i m p l i c a t i o n t h a t i n v e n t i n g cannot be p a i d f o r w i t h a 
r e g u l a r s a l a r y i s n o t a b l e i n t h a t t h e r e must have been 
an assumption of i r r e g u l a r i t y , i f n o t s p o n t a n e i t y , as 
b e i n g t h e a c t of i n v e n t i n g . I n v e n t i n g was n o t seen as a 
planned (or f o r t h a t m a t t e r a c c e p t a b l e ) o c c u p a t i o n * 
However, t h a t was a l o n g t i m e ago and h i s t o r y i s 
n o t h i n g i f man cannot p r o f i t by i t = 
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Much more r e c e n t l y , i n 1978, a Working P a r t y on de s i g n 
e d u c a t i o n a t t h e secondary l e v e l was s e t up by t h e 
Edu c a t i o n A d v i s o r y Committee of t h e Design C o u n c i l - I t 
was made up of a Chairman, P r o f e s s o r David K i e t h — L u c a s 
CBE FEng FXMechE FRAeS, lO members, an a d v i s e r t o t h e 
wo r k i n g p a r t y from t h e Department of E d u c a t i o n and 
Science, an observer f r o m t h e Design C o u n c i l S c o t t i s h 
Committee and i t s s e c r e t a r y . 
I n h i s f o r e w o r d g t h e chairman makes r e f e r e n c e t o t h e 
u n i v e r s a l i t y of d e s i g n as a human a c t i v i t y - He 
j u s t i f i e s i t s i n c l u s i o n i n t h e secondary c u r r i c u l u m i n 
th e s e termss ' = . t h e r e can be few more i m p o r t a n t 
e d u c a t i o n a l e x p e r i e n c e s f o r t h e c h i l d r e n t h a n t o 
g r a p p l e w i t h t h e t h e s o r t of problems t h e y w i l l meet as 
a d u l t s — problems o f t h e envi r o n m e n t , o f man-made 
t h i n g s and how t h e y can be improved, of t h e q u a l i t y of 
l i v i n g — o r , i n o t h e r words, 'design' i n a l l i t s 
f o r m s . ' ( 7 ) I t f o l l o w s from t h i s s t a t e m e n t , t h a t an 
immersion i n design i s n o t t o be r e s e r v e d s o l e l y f o r 
budding d e s i g n e r s , b u t i s f o r a l l - Indeed i t would seem 
t o be c r u i c a l i f u s e f u l c r i t i c i s m i s t o be made i n t h e 
f u t u r e - C r i t i c i s m when t h o u g h t f u l l y and knowledgeably 
l e v i e d a t d e s i g n can be a source of i n s p i r a t i o n , which 
s h o u l d be r e f l e c t e d as p r o d u c t improvement- W i t h o u t 
t h i s c r i t i c i s m t h e n , t h e r e w i l l be two d e t r i m e n t a l 
e f f e c t s . 
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F i r s t l y t h e r e w i l l be l e s s impetus -for improvement, 
l e a d i n g t o misplaced c o n f i d e n c e and a consequent l a c k 
of i n t r o s p e c t i o n and i n n o v a t i o n . T h i s a t t i t u d e does 
n o t h i n g t o i n t e r r u p t i n i t i a t i v e s -for p r o g r e s s t o be 
developed elsewhere. 
The second e f f e c t concerns t h e a t t i t u d e o-f t h e 
p o p u l a t i o n t o t h e a c t i v i t y o f d e s i g n , f o r i f o t h e r s a r e 
seen t o d e s i g n b e t t e r , i t i s t h e y who w i l l be regarded 
as t h e m a s t e r s , making l o c a l p r o g r e s s towards 
e x c e l l e n c e so much more d i f f i c u l t , . The d e c l i n e i n s a l e s 
of t h e B r i t i s h motor i n d u s t r y d u r i n g t h e 1970'a may 
have something t o do w i t h t h i s , and indeed K i e t h — L u c a s 
t a k e s t h e m a t t e r f u r t h e r , , 
H i s r e p o r t d i s c u s s e s t h e w i d e r i m p l i c a t i o n s f o r good 
design= 'Education i n d e s i g n can a l s o be j u s t i f i e d on 
t h e grounds t h a t good d e s i g n i s c r u c i a l t o t h e n a t i o n a l 
economy.'(7) T h i s s t a t e m e n t ought not t o have needed 
a m p l i f i c a t i o n , b u t perhaps s e t t i n g themselves a p a r t 
from t h e h i s t o r y of t h i s n a t i o n , t h e r e have been many 
who have regarded themselves as n o t needed i n t h e r a n k s 
of t h o s e who t a k e an a c t i v e p a r t i n t h e p r o d u c t i v e 
aspect of our n a t i o n a l economy. K e i t h - Lucas p o i n t e d l y 
i d e n t i f i e s a d e p l o r a b l e t r u t h when he says t h a t t h e r e 
i s a ' t r a d i t i o n ' i n our c o u n t r y t o 'accord much h i g h e r 
p r i o r i t y t o t h e pure s c i e n c e s and mathematics t h a n t o 
t h e p r a c t i c a l a r t s . ' ( 7 ) 
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I n h i s use of t h e t e r m ' p r a c t i c a l a r t s ' he b r i n g s 
t o g e t h e r a l l t h e stages necessary t o t h e p r o d u c t i o n o-f 
t h e p r a c t i c a l s o l u t i o n o-f human need . I t i s t h e use o-f 
t h e word ' t r a d i t i o n ' which i n t i m a t e s w i t h t r a g i c 
t r u t h - f u l n e s s t h e s i z e o f t h e problem b e f o r e t h e 
c o u n t r y . There i s a human system i n our l a n d which 
p e r c e i v e s t h e p r a c t i c a l a r t s as something l e s s t h a n t h e 
r e s p e c t a b l y h i g h p l a t e a u on t o which our most a b l e must 
c l i m b . 
The r e p o r t acknowledges t h e work done i n t h e t e a c h i n g 
a-f d e s i g n , t h u s r e c o g n i s i n g t h e t r u t h which t h e 
A d m i r a l t y f a i l e d t o see i n 1914 - t h a t i t i s b o t h 
p r a c t i c a l and p o s s i b l e t o e s t a b l i s h a methodology f o r 
i n v e n t i n g . An u n d e r s t a n d i n g o f t h e n a t u r e o-f t h e method 
by which p r a c t i c a l improvements a r e born may w e l l 
a s s i s t w i t h t h e p l a n n i n g o-f -future t e a c h i n g s t r a t e g i e s . 
However i t i s p o s s i b l e t h a t t h e r e w i l l be a d i v e r s i t y 
of s t r a t e g i e s s i n c e i n r e a l i t y e d u c a t i o n i s 
co m p a r t m e n t a l i s e d w i t h i n t h e sc h o o l c u r r i c u l u m . 
The Department o-f E d u c a t i o n and Science, HMI, 
Exam i n a t i o n Boards and Loc a l E d u c a t i o n A u t h o r i t i e s 
d e s c r i b e Comprehensive s c h o o l s i n terms of Departments 
or F a c u l t i e s . Commonly, a l t h o u g h by no means 
e x c l u s i v e l y , t h e s e d i v i s i o n s a r e s t i l l l a b e l l e d by 
s u b j e c t names which bear l i t t l e l e s s t h a n s i m i l a r i t y t o 
t h e t i t l e s o f t h e e x t e r n a l e x a m i n a t i o n s t h e y o f f e r . 
Where change has taken p l a c e we s t i l l f i n d t h a t t h e 
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H u m a n i t i e s Department o f f e r s H i s t o r y and Geography as 
se p a r a t e areas of s t u d y , and t h a t Science Departments 
s t i l l o f f e r C h e m i s t r y , P h y s i c s and B i o l o g y . The 
p o s s i b i l i t i e s of change d e s c r i b e d by HMI, which f o r s a w 
departments d e s c r i b e d as: 'Language Development, 
Mathematical and S c i e n t i f i c A c t i v i t i e s , C r e a t i v e and 
R e c r e a t i v e S t u d i e s , C o g n i t i v e A c t i v i t i e s E xaminations 
and Assessment'(B), a r e s u f f e r i n g f r o m t h e i l l n e s s 
which t e n d s t o pla g u e i n n o v a t i o n s i n g e n e r a l . 
Non-the-1ess, s i n c e problem s o l v i n g i s a human 
a c t i v i t y , i t i s i n c o n c e i v a b l e t h a t t e a c h e r s i n each of 
our t r a d i t i o n a l l y l a b e l l e d c u r r i c u l u m compartments 
c o u l d deny a r o l e f o r problem s o l v i n g w i t h i n t h e i r 
b r i e f . Whether or not t h e y a l l a c t i v e l y pursue "Problem 
S o l v i n g ' as a d e l i n e a t e d aim would be an i m p o s s i b l e 
q u e s t i o n t o answer w i t h o u t t h e existance of a 
n a t i o n a l l y agreed and d e l i v e r e d c u r r i c u l u m , b u t c l e a r l y 
t h o s e who t e a c h i n C r a f t Design and Technology 
departments s h o u l d be. For them a t l e a s t t h e r e needs t o 
be an u n d e r s t a n d i n g of what human a c t i v i t i e s make up 
t h e a c t i v i t y o f d e s i g n . 
K i e t h - L u c a s i d e n t i f i e s t h e presence o f d e s i g n i n t h r e e 
areas o f t h e c u r r i c u l u m . A r t , C r a f t Design & 
Technology, and Home Economics a r e s a i d t o have 
evidenced change w i t h a 'growing awareness o f t h e 
impor t a n c e of d e s i g n i n g , p l a n n i n g , making and t e s t i n g 
i n p r a c t i c a l a c t i v i t i e s . ' ( 7 ) 
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A l t h o u g h ' C u r r i c u l u m 11—16' says of s c i e n c e t h a t i t 
ought t o be a b l e t o p r o v i d e t h e answer t o t h e q u e s t i o n , 
"Can he d e v i s e , or c o n t r i b u t e t o t h e d e v i s i n g o f , 
exp e r i m e n t s which w i l l p u t t o t e s t t h e e x p l a n a t i o n s he 
suggests f o r t h e p a t t e r n s o f o b s e r v a t i o n s ? " ( B ) , (and 
even t h i s paper makes no r e f e r e n c e t o t h e de s i g n of 
methods of making t h o s e i n i t i a l o b s e r v a t i o n s ) , t h e 
s u b j e c t i s n o t i d e n t i f i e d as b e i n g one which has 
e x e r t e d p r e s s u r e s f o r change. T h i s would seem t o be a 
g l a r i n g e r r o r on someone's p a r t u 
K i e t h — L u c a s p r o v i d e s us w i t h a s y n t h e s i s o f t h e de s i g n 
a c t i v i t i e s a s s o c i a t e d w i t h t h e t h r e e i d e n t i f i e d 
s u b j e c t s mentioned above. 'Design a c t i v i t i e s w i t h i n 
these t h r e e s u b j e c t areas v a r y i n f o r m and emphasis, 
but t h e y have i n common t h e aim of g i v i n g p u p i l s 
e x p e r i e n c e of 5 
- examining a g i v e n problem or s i t u a t i o n i n o r d e r t o 
i d e n t i f y and s t a t e t h e o p p o r t u n i t i e s and d i f f i c u l t i e s 
i n v o l v e d ? 
- u n d e r t a k i n g r e s e a r c h and c o m p i l i n g d a t a on t h e 
problem or s i t u a t i o n and t h e f a c t o r s a f f e c t i n g i t ? 
- a n a l y s i n g t h e i n f o r m a t i o n gained? 
- p r e p a r i n g a b r i e f a g a i n s t which d e s i g n p r o p o s a l s 
can be t e s t e d , so as t o overcome t h e d i f f i c u l t i e s 
i d e n t i f i e d ? 
- p r o p o s i n g responses t o t h e b r i e f and choosing t h e 
most a p p r o p r i a t e ? 
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— d e v e l o p i n g t h i s response and, where a p p r o p r i a t e , 
b r i n g i n g i t t o some p r a c t i c a l c o n c l u s i o n s 
— a n a l y s i n g and e v a l u a t i n g t h e r e s u l t s and 
communicating t h i s t o o t h e r s . ' ( 7 ) 
The t e a c h i n g o-f d e s i g n , which i s a) t h a t which embodies 
a l l t h o s e a c t i v i t i e s o u t l i n e d i n t h e p r e v i o u s paragraph 
t o g e t h e r w i t h b) t h e a p p r e c i a t i o n t h a t t h o s e a c t i v i t i e s 
a r e o n l y r e l e v a n t i f -they are- c o n s i d e r e d as a whole, 
i m p l i e s a p r o j e c t based approach. fcihat i s of v i t a l 
i m p ortance t o a p p r e c i a t e i s t h a t i f t h e p u p i l s a r e t o 
become capable t h e y must be enveloped by t h e complete 
a c t i v i t y . The law of p a c k i n g ( f o r an a i r f l i g h t ) - says 
t h a t t h e mass of t h e packed case w i l l always be g r e a t e r 
t h a n t h e sum of t h e masses of i t s c o n s t i t u e n t p a r t s . A 
s i m i l a r r u l e of p o l i t i c s d e s c r i b e s t h e power of a mob 
b e i n g more t h a n t h e sum of t h e power of t h e 
i n d i v i d u a l s . On a more s e r i o u s n o t e , t h e t e a c h i n g of 
t h e d e s i g n methodology as done by m o d e l l i n g a d e s i r e d 
s i t u a t i o n and p u t t i n g p u p i l s i n t o t h e predicament of a 
t e c h n o l o g i s t a f t e r g i v i n g them an i n s i g h t i n t o t h e 
s t r a t e g y t h e y w i l l be expected t o f o l l o w , i s t h e 
p r o p e r , 'whole w o r l d ' way t o f i l l a knowledge gap and 
u t i l i s e t h e d e s i g n approach. 
The methodology o u t l i n e d by K i e t h — L u c a s i s n o t q u i t e 
t h e same as t h a t o u t l i n e d by t h e A s s o c i a t i o n of 
A d v i s e r s i n C r a f t Design & Technology who saw t h e work 
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of p u p i l s , once a problem had been i d e n t i f i e d , as 
i n v o l v i n g f o u r areas of a c t i v i t y - They d e s c r i b e d them 
as problem s o l v i n g , e v a l u a t i o n , c o n s t r u c t i o n and 
commun i c a t i on-
They were seek i n g t o a n a l y s e t h e needs of t h e p u p i l f o r 
t h e a s s i s t a n c e of t h e t e a c h e r , and h a v i n g i d e n t i f i e d 
t h e s e areas t h e y sought t o a n a l y s e t h e a c t i v i t i e s which 
each encompassed-
Of Problem S o l v i n g t h e y d e s c r i b e d f i v e c o n t r i b u t o r y 
s k i 1 l 5 s 
1) A n a l y s i s 
2) I n v e s t i g a t i o n 
3) Ideas 
4) S y n t h e s i s 
5) S e l e c t i o n -
Of E v a l u a t i o n t h e y d e s c r i b e d f o u r s 
1) Continuous a c t i v i t y a t a l l s t a g e s o f d e s i g n i n g and 
maki ng 
2) Problem a p p r a i s a l and d e c i s i o n making 
3) T e s t i n g 
4) Comparison w i t h t h e s e t problem 
Of Communication t h e y d e s c r i b e d f o u r s 
1) Oral 
2) W r i t t e n 
3) Graphic 
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4) M o d e l l i n g 
and t h e y h i g h l i g h t e d an a s s o c i a t e d s k i l l s 
Observation., 
Of C o n s t r u c t i o n t h e y d e s c r i b e d -fives 
1) M a t e r i a l s 
2) T o o l s 
3) Machines 
4) Processes 
5) S a f e t y 
The i m p l i c a t i o n t h a t c o n s t r u c t i o n i t s e l f i s a p a r t of 
t h e wholeness o f de s i g n i s c l e a r , or i s i t ? I n t h e i r 
f i r s t aspect of e v a l u a t i o n t h e y r e f e r t o ' d e s i g n i n g and 
making'. I t i s now n o t c l e a r whether t h e y see a r o l e 
f o r 'making' as a s t a n d — a l o n e a c t i v i t y . 
The N a t i o n a l C r i t e r i a a l s o draws t h e same d i s t i n c t i o n . 
For t h e purpose of p u b l i c e x a m i n a t i o n , t h e General 
C e r t i f i c a t e of Secondary E d u c a t i o n e s t a b l i s h e s t h r e e 
courses -
i ) C.D.Ts Design ?< R e a l i s a t i o n . (D&R) 
i i ) C.D.Ts Design & Communication. (D&C) 
i i i ) C.D.Ts Technology. (T) 
The t i t l e s i n c l u d e t h e a b b r e v i a t i o n CDT t o s i g n i f y t h a t 
t h e c o n t e n t of any s y l l a b u s so l a b e l l e d , w i l l conform 
t o t h e N a t i o n a l C r i t e r i a f o r CDT. 
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The N a t i o n a l C r i t e r i a -for CDT i n c l u d e s a 'common c o r e ' 
which i s made up a-f s k i l l s and knowledge, which i t 
a m p l i f i e s under sub-hsadings, and s u b j e c t — r e l a t e d 
s k i l l s which a r e l e s s w e l l e x p l a i n e d . ' W h i l s t t h e 
b o u n d a r i e s ' ( of t h e t h r e e main a s p e c t s of work) 'are 
f r e q u e n t l y i n d i s t i n c t , t h e t h r e e a s p e c t s which can be 
observed, measured and assessed a r e i d e n t i f i e d as t h e 
a q u i s i t i o n o f d e s i g n s k i l l s , s u b j e c t - r e l a t e d s k i l l s 
(which w i l l p r i n c i p a l l y be t h e (making s k i l l s and t h e 
a p p l i c a t i o n o f knowledge about t e c h n i q u e s and processes 
when u s i n g m a t e r i a l s ) and knowledge-'(5) The 
s u b j e c t - r e l a t e d s k i l l s as b r a c k e t e d a r e i d e n t i c a l f o r 
bo t h D&R and T, b u t f o r D&C i t reads 
' - = o s u b j e c t - r e l a t e d s k i l l s (which w i l l p r i n c i p a l l y be 
t h e communication s k i l l s , t h e a p p l i c a t i o n of knowledge 
r e l a t e d t o t h e s e s k i l l s and t h o s e making s k i l l s used as 
a means of co m m u n i c a t i o n ) * . ( 5 ) 
The s k i l l s r e q u i r e d by t h e Common Core f o r each course 
a r e — 
1= Design, 
2. Making, 
3. Communication, 
and t h e word Design i s a m p l i f i e d as ' I d e n t i f i c a t i o n of 
problems, s e a r c h i n g f o r and o r d e r i n g of i n f o r m a t i o n , 
a n a l y s i s , s p e c i f i c a t i o n , s y n t h e s i s , e v a l u a t i o n ' 
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f o l l o w e d by — 
i n t h e case of D<kR - ' 
i n t h e case of T — ' / f i n a l r e p o r t . ' 
and i n t h e case of D&C — 'at t h e drawing board s t a g e of 
manufacture.' 
and t h e n c o n t i n u i n g — ' C o n s i d e r a t i o n of c o n s t r a i n t s , 
i n c l u d i n g c o s t s , p e r s o n a l s k i l l s r e s o u r c e s , t i m e . ' ( 5 ) 
I f making i s seen as an a c t i v i t y d i v o r c e d f r o m d e s i g n 
and e v a l u a t i o n , as seen by t h e M a t i o n a l C r i t e r i a or 
from e v a l u a t i o n as seen by AACDT, th e n i t seems t o me 
t h a t we a r e i n danger of r e t u r n i n g t o t h e realms of 
b u i l d i n g t o someone e l s e ' s p l a n s , p r o d u c i n g c a s t i n g s 
from someone e l s e ' s mould o r vacuum f o r m i n g u s i n g 
someone e l s e ' s f o r m e r . The i n e v i t a b l e c o n c l u s i o n of 
which i s mass p r o d u c t i o n . We a r e back t o t h e t o o t h b r u s h 
rack once more! I f making i s a p a r t of a d e s i g n 
p r o c e s s , e v a l u a t i o n d u r i n g making would i m p l y re-makes 
or m o d i f i c a t i o n s — i f n o t i m m e d i a t e l y t h e n evidence 
would be a v a i l a b l e f o r f u t u r e use. I n r e a l i t y i t 
p r o b a b l y means w r i t t e n o r drawn i n f o r m a t i o n i n c l u d e d i n 
t h e p r o j e c t r e p o r t f o r t h e a t t e n t i o n of t h e 
r e p r e s e n t a t i v e of t h e p u b l i c e x a m i n a t i o n board t o whom 
i t would t h e n be s u b m i t t e d . 
Design i s c l e a r l y t o do w i t h p l a n n i n g , and i t s p r i m a r y 
o b j e c t i v e i s t o produce what was not t h e r e b e f o r e . I t 
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i s m a n i f e s t l y i l l o g i c a l t o e x c l u d e making -from d e s i g n 
s i n c e i t would a l l o w t h e p r o d u c t i o n o-f a c o m p l e t e l y 
u s e l e s s s o l u t i o n , t h u s r e d u c i n g t h e p r e c e d i n g e f f o r t s 
t o t h e l e v e l o f a f a r c e . 
Design i s a c y c l i c process which c o n t a i n s , o r b e t t e r — 
ena b l e s , a range o f a c t i v i t i e s t o be u t i l i s e d . I t 
becomes d i f f i c u l t t o d e s c r i b e by anyone who has not had 
p r a c t i c a l e x p e r i e n c e i n i t and t h e r e i n , I s u s p e c t , we 
may f i n d t h e r e a s o n - f o r t h e - p u b l i c a t i o n , s h o r t l y a f t e r -
t h e GCSE N a t i o n a l C r i t e r i a f o r CDT, of t h e b o o k l e t 
' C r a f t , Design and Technology. A Guide f o r 
Teachers'.(4) 
The encompassing of a broad range of a c t i v i t i e s i s 
d e s c r i b e d as a 'design l o o p ' ( 4 ) I t i s p r e s c r i b e d as 
bei n g a l o o s e framework and a g e n e r a l i s e d procedeure. 
'Depending upon t h e approach used by t h e d e s i g n e r , and 
i n p a r t on t h e n a t u r e of t h e d e s i g n e x e r c i s e i t s e l f , 
d i f f e r e n t elements around t h e l o o p w i l l assume g r e a t e r 
or l e s s e r i m p o r t a n c e , and t h e r e may w e l l have t o be a 
g r e a t deal o f jumping about a c r o s s and around t h e loop 
b e f o r e i t i s p o s s i b l e t o a r r i v e a t a sound 
c o n c l u s i o n ' . ( 4 ) The loop has t h e f o l l o w i n g l a b e l s 
around i t s c i r c u m f e r e n c e — 
o b s e r v i n g a c o n t e x t 
d e t a i l i n g a problem 
r e s e a r c h 
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e x p l o r i n g p o s s i b i l i t i e s 
r e f i n i n g i d e a s 
d e t a i l i n g a s o l u t i o n 
p l a n n i n g t h e making 
maki ng 
e v a l u a t i o n 
d e t a i l i n g a problem 
e t c e t e r a - around t h e l o o p , a g a i n and a g a i n . 
Chordal" _arrow5 l i n k some of t h e l a b e l s . -For example 
from ' r e f i n i n g i d e a s ' towards ' r e s e a r c h ' t h e r e i s one, 
and t h e comment 'more i n f o r m a t i o n may be needed b e f o r e 
r e f i n e m e n t i s p o s s i b l e ' i s added. 
'Making' i s f i r m l y e s t a b l i s h e d as a p a r t o f t h e o v e r a l l 
a c t i v i t y , which s e r v e s t o s a t i s f y me, b u t i n t h e l i g h t 
of t h e h o s t i l i t y which t h e i n t r o d u c t i o n of t h e GCBE 
aroused, i t must be p o i n t e d o u t t h a t anomalies of t h i s 
s o r t make f o r an u n n e c e s s a r i l y u n c o m f o r t a b l e 
t r a n s i t i on. 
Having e s t a b l i s h e d t h e p l a c e o f 'making', we r e t u r n t o 
t h e p o i n t s made about i t by AACDT. At f i r s t s i g h t i t 
might seem u n l i k e l y t h a t 'making* w i l l need much new 
c o n s i d e r a t i o n f r o m t h e t e a c h e r s u n l e s s t h e r e a r e 
developed new t o o l s , machines and m a t e r i a l s . Any 
co m b i n a t i o n of the s e would have i m p l i c a t i o n s f o r 
processes and from t h e s e s p e c i f i c ' r u l e s ' o f s a f e t y may 
have t o be developed. Perhaps s a f e t y might be seen by 
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some as b e i n g a frame o f mind, b u t i f t h e mind i s on a 
d i f f e r e n t p l a n e perhaps a r u l e which a u t o m a t i c a l l y 
causes t h e p h y s i c a l detatchment of t h e person f r o m t h e 
process — a guard - w i l l be required., 
F u r t h e r m o r e , we have a l r e a d y begun t o a p p r e c i a t e t h e 
v e r s a t i l i t y of t h e computer and have come t o r e c o g n i s e 
t h a t as l o n g as a n y t h i n g can be reduced t o t h e l e v e l of 
an e l e c t r o n i c p u l s e , i t becomes f o o d f o r e l e c t r o n i c 
p r o c e s s i n g . The d i f f e r e n c e between 'on- and ' o f f — f o r 
i n s t a n c e i s t h e presence of e l e c t r i c i t y or n o t . The 
change -from one s t a t e t o t h e o t h e r b e i n g a s i n g l e 
p u l s e . I f a lump g l u e d t o a t u r n i n g s h a f t h i t s a s w i t c h 
once e v e r y r e v o l u t i o n , t h e t u r n s can be counted and i f 
t h e answer i s compared w i t h t i m e , t h e speed of t h e 
s h a f t can be c a l c u l a t e d . The computer, as we s h a l l see, 
w i l l have i m p l i c a t i o n s f o r t h i s once w e l l e s t a b l i s h e d 
and packaged area o f t e a c h i n g . 
Design a t t h e school l e v e l i s p o s s i b l e and d e s i r e a b l e . 
There needs t o be an a p p r e c i a t i o n o f t h e t o t a l i t y of 
t h e e x e r c i s e and t e a c h e r s s h o u l d be c o n f i d e n t t h a t t h e 
a l t e r n a t i v e r e s u l t s c r e a t e d by t h e i r p u p i l s w i l l be 
seen i n t h e l i g h t of t h e new o b j e c t i v e s . The t e a c h e r s 
must be assured t h a t t h o s e l o o k i n g a r e competent t o 
judge. 
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1= Prof = B- C r o s s l and = 'E n g i n e e r i n g e d u c a t i o n -for 
•f i t n e s s -for purpose'- The I n s t i t u t i o n of Mechanical 
Engineers, 1986= 
2= Hicks- G„ HMIo 'Good Courses are A v a i l a b l e ' » C r a f t , 
Design fk Technology, An e s s e n t i a l component o-f a 
Balanced C u r r i c u l u m , B r u n e i U n i v e r s i t y , 1979-
3 = Walker & Cross- 'Designs The Man—Made O b j e c t ' , 
T100, Open U n i v e r s i t y Press 1976-
4- ' C r a f t Design S< Technology, A Guide f o r Teachers- ' 
5- E-C- %>. Open U n i v e r s i t y Press 1986 = 
5- ' C r a f t , Design & Technology'- The N a t i o n a l 
C r i t e r i a - D-E-S- 1985-
6- Rose Si Rose- 'Science and S o c i e t y ' - P e l i c a n - 1969 = 
7= Kieth-Lucas- D» 'Design E d u c a t i o n a t Secondary 
L e v e l ' - The Design C o u n c i l - 1980-
8- C u r r i c u l u m 1 1 - 1 6 H-M-S-O- 1977-
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5. WINDMILLS AMD ROBOTS 
The e d u c a t i o n a l domain known as C r a f t , Design and 
Technology i s i n s t a n t l y r e c o g n i s a b l e by i t s accent upon 
t h e manufacture o f p r o d u c t s . I f t h e r e i s any argument 
about where i t , C.D.T,, i s g o i n g o r indeed where i t has 
come f r o m , t h e making of t h i n g s i n a workshop 
environment has always been t h e end t o which p u p i l s 
were, and s t i l l a r e , aimed. I n t h e p a s t , as we have 
seen, t h e g r e a t e s t i n f l u e n c e upon school workshop based 
p r o d u c t s has been t h e c h o i c e of m a t e r i a l s f r o m which 
t h o s e p r o d u c t s were t o be made. 
The i n h e r e n t p r o p e r t i e s of t i m b e r make i t u n s u i t a b l e 
f o r t h e manufacture of modern machines which r e q u i r e 
s t i f f n e s s and s t a b i l i t y of dimension t o m a i n t a i n t h e 
r e g i s t e r of moving p a r t s a l t h o u g h e a r l y machines were 
a b l e t o t a k e advantage of t h e l e n g t h of t h e t r e e f o r 
t h e spanning of gaps and t r a n s f e r o f movement. The 
a b i l i t y of t i m b e r t o absorb shock and t h e i n g e n u i t y o f 
man i n d e v e l o p i n g j o i n t i n g and ways o f c o n n e c t i n g i t t o 
o t h e r m a t e r i a l s , a l l o w e d i t s use i n bot h huge, 
p r e d o m i n a n t l y s t a t i c s t r u c t u r e s such as c a t h e d r a l r o o f s 
and Tudor p e r i o d w a r s h i p s , as w e l l as dynamic 
s t r u c t u r e s such as hand looms and s p i n n i n g wheels. I t 
may be s a i d t h a t man's p r o g r e s s i n t h e t e c h n o l o g y of 
p r o d u c t i o n was enabled by t h e t r e e , s i n c e o n l y l a t e r , 
i n a t i m e d e s c r i b e d as t h e ' I n d u s t r i a l R e v o l u t i o n ' was 
metal - p r e d o m i n a n t l y i r o n and s t e e l — a b l e t o r e p l a c e 
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wooden s t r u t s , t i e s and connecting rods. 
A v a i l a b l e and amenable, timber responds to human e f f o r t 
i n ways which complement, as well as compete with, 
those of the other material a v a i l a b l e to man the 
c o n s t r u c t o r , stone. The examples of e a r l y machines 
i n d i c a t e mans a b i l i t y both to harness the power o-f 
wind, water and muscle as well as to work these 
t r a d i t i o n a l ran m a t e r i a l s . However, m a j e s t i c though 
these e a r l y machines, such as windmills and watermi l i s , 
were — and i n t h e i r preserved s t a t e s t i l l are — t h e i r 
bulk and mass and t h e i r r e l i a n c e upon nature -for an 
energy input, made them no match fo r the i n c r e a s e i n 
speed and the strength/weight r a t i o afforded by the 
metal and steam driven machines of the i n d u s t r i a l 
r e v o l u t i o n . 
Although i t i s t r u e that we no longer a s s o c i a t e the 
c o n s t r u c t i o n o-f modern machinery with timber, important 
p r i n c i p l e s i n c o n t r o l are e x h i b i t e d by these e a r l y 
unwieldy d e v i c e s . The windmill, designed for the 
grinding o-f wheat i n t o -flour, was turned i n t o the wind 
and would continue to -follow the wind even as i t 
a l t e r e d i t s d i r e c t i o n . Waterwheels, such as those at 
the Abbeydale I n d u s t r i a l V i l l a g e on the o u t s k i r t s o-f 
S h e f f i e l d , Y o r k s h i r e and the Glebe M i l l , B i r s a y i n the 
Orkney I s l e s - which s t i l l g r i n d s f l o u r f o r the Dounby 
bakery — r e l y upon a constant flow of water to maintain 
the constant speed of the wheel. These a r e examples of 
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two -forms of na t u r a l energy being harnessed and 
c o n t r o l l e d by the use o-f two d i f f e r e n t s t r a t e g i e s , 
namely closed-loop and open—loop control r e s p e c t i v e l y . 
Irs the school woodwork shops, with the accent upon the 
a q u i s i t i o n of tool s k i l l s , t h e re was l i t t l e attempt to 
consider the concept o-f control , except i n the context 
o-f c o n t r o l l i n g the t o o l s i n order to achieve the 
desired — the best — ' f i n i s h ' . The nearest p u p i l s might 
come to a s p e c t s o-f ' i n d u s t r i a l c o n t r o l ' would be t h e i r 
use o-f the woodturning l a t h e . The manufacture of 
products which e x h i b i t e d movement p o s s i b l y being 
confined to such t h i n g s as toys and model boats. I 
r e c a l l making at school i n 1962, a toy which was 
e s s e n t i a l l y a l i t t l e model man made from plywood. I t 
had separate arms and leg s and was suspended from the 
top ends of two upright p a r a l l e l s t r i p s of wood by two 
p a r a l l e l and short lengths of twine. Half way down the 
s t r i p s was a short h o r i z o n t a l s t r u t j o i n i n g the s t r i p s 
and a c t i n g as a common fulcrum. When the lower ends of 
the s t r i p s were squeezed towards each other, the 
suspension s t r i n g tightened, and because the hanging 
man had held the twine i n a h a l f t w i s t , the t i g h t e n i n g 
p u l l e d the t w i s t 'out', and the man did a summersault 
r e s u l t i n g i n a h a l f t w i s t i n the opposite d i r e c t i o n . 
Continual squeezing summersaulted the man backwards and 
then forwards! The opportunity to use even t h i s crude, 
but fun, a r t e f a c t as an i n t r o d u c t i o n to l e v e r s , 
t o r s i o n , t e n s i o n , compression, bending, momentum and 
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the t r a n s f e r of energy was not c a p i t a l i s e d upon, -for I 
f u r t h e r r e c a l l t h a t i t was done as a job i n 'Woodwork 
Club' which took place outside school hours. 
Craftsmanship i n the ' r e a l ' world o u t s i d e the school 
during the 1950'5 and e a r l y 1960's, had l i t t l e to do 
with these e x t r a - c u r r i c u l a r a c t i v i t i e s . Indeed the 
Central Youth Employment Ex e c u t i v e described the 
op p o r t u n i t i e s f o r woodworking craftsmen i n these 
c a t e g o r i e s s — 
'a) Carpentry; Jobbing, doing r e p a i r s , C i v i l 
Engineering, harbour j e t t i e s , strong platforms f o r 
cranes, f i t t i n g r a c k s , s h e l v i n g , c o n s t r u c t i n g drama 
scenery. 
b> Joinerys Working at the Bench, window and 
door making, p o s s i b l y working i n hardwoods. 
c) Cabinet Makings High c l a s s j o i n t i n g , hardwoods, 
Veneering, Carving, Hand made f u r n i t u r e . 
d> Fatternmakings The o r i g i n a l shaped o b j e c t from 
which subsequent metal c o p i e s were c a s t . Smooth 
s u r f a c e s with f i l l e r put i n t o any sharp c o r n e r s . ' ( 1 ) 
( T h i s i s s t i l l a technique used today. The need to 
round i n t e r n a l corners was explained by G r i f f i t h s whose 
i n v e s t i g a t i o n s i n t o ' s t r e s s c o n c e n t r a t i o n s ' ( 2 ) i n 
c a s t i n g s , lead to a greate r understanding of material 
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•failure and the e f f e c t s of dynamic loading,, > 
'e> Coachbui1dings Making ash and oak frameworks f o r 
rai l w a y coaches, l o r r i e s and omnibusses. 
f ) Shipbuildings B u i l d i n g launchways, r e p l a c i n g and 
caulking planking, small boat building,, 
g> Organ Buildings S p e c i a l i s t maker of keys and pipes, 
i n s t a l l a t i o n and r e p a i r . 
h) Cooperage; The r e p a i r of c a s k s , kegs and v a t s . 
We are t o l d t h a t , 'Nowadays, new ca s k s are u s u a l l y 
shaped and put together by machine'. 
i ) Woodcarving; Ornamental j o i n e r y f o r churches and 
high q u a l i t y f u r n i t u r e . 
j ) Woodturnings Working from a pat t e r n to produce 
rounded t a b l e l e g s and the l i k e . 'Automatic l a t h e s are 
now used f o r mass—production t u r n i n g , but h i g h — c l a s s 
work continues to be done by hand.' 
k) Other Woodworkerss Those who make packing c a s e s , 
moulds f o r ca s i n g a r t i f i c i a l stone, t e x t i l e bobbins and 
s h u t t l e s , made-to-measure shoe l a s t s , and c r i c k e t 
b a t s . ' ( 1 ) 
Perhaps c o f f i n makers would a l s o have f i t t e d i n t o t h i s 
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l a s t group, had d e l i c a c y not precluded i t s i n c l u s i o n i n 
the b o o k l eto 
I t can be seen -from the -future -facing 'boys who have 
the ambition to l e a r n a cra-ft' ( 1 ) , t h a t the choice of 
timber as a way to the a q u i s i t i o n o-f s k i l l s i n the 
school curriculum, e f f e c t i v e l y precluded study of 
movement and control= 
In the metalwork shops, however, the s t o r y i s r a t h e r 
d i f f e r e n t , f o r i t i s p o s s i b l e to model steam engines, 
and through them obtain a ' f e e l ' f o r motive power. The 
major c r i t i c i s m l e v e l l e d at such p r o j e c t s , which were 
not design based, was the length of time i t took to 
complete the engine, a s i n g l e a r t e f a c t . In the time i t 
takes, a pupil can make two or three separate items 
e x h i b i t i n g a range of d i f f e r e n t s k i l l s and processes. 
However, the small engine, s u c c e s s f u l l y working, 
e x h i b i t s many of the processes and s k i l l s then seen to 
be necessary to a boys education. The b o i l e r , made from 
copper, had to be r o l l e d or cut from a length of tube, 
the ends were f i t t e d and the j o i n t s soldered. The 
piston needed to be turned, the c y l i n d e r d r i l l e d or 
perhaps c a s t and then machined and the flywheel c a s t , 
turned and perhaps a locking screw thread d r i l l e d and 
tapped. Whilst there may have been those who argued 
that the manufacture and subsequent t e s t i n g of pressure 
v e s s e l s i n the school workshop might be fraught with 
danger, others may well have seen a unique opportunity 
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f o r t h e production of a j o b which had a 'character* a l l 
of i t s own» 
The a l t e r n a t i v e to engineering was to l e a r n the s k i l l s 
of t h e blacksmith, t h e t i n s m i t h and the beaten 
metalworker. The metal equivalent of the carpenter and 
j o i n e r because the accent i s placed upon the q u a l i t y of 
the workmanship and not the innovation of i t s design or 
i t s b e n e f i t from the p r i n c i p l e s of c o n t r o l . 
The point which needs t o be emphasised i s the missed 
opportunity f o r the educational accent of school 
workshop work to be placed upon the s u b j e c t and study 
of c o n t r o l . An opportunity 'hidden' by the 
unquestioning acception of s k i l l a q u i s i t i o n as the 
major aim, although i t would have been p o s s i b l e f o r the 
same work and f a c i l i t i e s to have been used to introduce 
an experience i n technology. 
In c o n t r a s t to the education of secondary p u p i l s , the 
aim of the 'real—world' was t o make progress i n product 
design. Vaccuum c l e a n e r s , e l e c t r i c a l l y driven sewing 
machines, washing machines and food mixers a l l aimed at 
the domestic market were marketed as 'labour s a v i n g ' 
and the term 'consumer goods* became common parlance. 
Education, however, could only p e r c e i v e the need f o r 
machine and tool operators, i t could not, or at any 
r a t e did not, serve to encourage the generation of new 
idea s amongst i t s p u p i l s . 
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C u r r e n t l y , 1986/7, consumer goods — microvave ovens, 
personal c a s s e t t e p l a y e r s , portable sound systems, 
video r e c o r d e r s , c h i l d r e n ' s games and toys - d i s p l a y an 
i n c r e a s i n g use o-f e l e c t r o n i c s and i t i s e a s i e r to 
r e l a t e a s p e c t s o-f control to p u p i l s i n terms o-f t h e i r 
a c t u a l experiences. The most s o p h i s t i c a t e d machines are 
those which are able to 'think -for themselves'. Their 
response to the stimu l u s o-f t h e i r input being improved 
by-taking i n t o account a d e s c r i p t i o n o-f how the output 
i s progressing towards the aim. The e-f-ficiency of the 
machine i s improved by a d e s c r i p t i o n of i t s output 
being returned to that part of the machine r e s p o n s i b l e 
f o r the o r g a n i s a t i o n of the output. For i n s t a n c e , the 
shower which i s too hot has i t s heat input reduced by 
the user. A more d e s i r e a b l e , and s o p h i s t i c a t e d , 
arrangement would be to have the shower a d j u s t the heat 
input to the water independently of the user once the 
de s i r e d temperature had been s p e c i f i e d . T h i s higher 
order of control s o p h i s t i c a t i o n i s described as 
'automation' when the modifying response i s independant 
of human i n t e r v e n t i o n once the parameters have been 
s e t . 
In order to design such systems, not only must both 
the operation of the machine and i t s a b j e c t i v e be 
c l e a r l y understood, but i t i s necessary to understand 
the r e l a t i o n s h i p s between the two. Only when both are 
understood can the form of the control information be 
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described. A r e v e r s e l i n k i s used to pass a 
q u a n t i t a t i v e d e s c r i p t i o n of the output back to the 
input s i d e of the process stage. The form and magnitude 
of the d e s c r i p t i o n must be such t h a t i t i s seen to be 
appropriate, compatible, and an e x t r a input to the 
system by the process stage. I t might be appropriate to 
combine the returned information with that from the 
input device. The combined information would then be 
d i r e c t e d to the o r i g i n a l process stage, which would 
never need to 'know' that an e x t r a , pre-process, stage 
had been introduced. 
K i b a s i and M i l l s i d e n t i f y t h ree d i f f e r e n t r o l e s f o r the 
computer i n the laboratory or i n d u s t r i a l environment. 
'Taking f o r granted an obvious computing a b i l i t y , t h e re 
are two l e v e l s at which the microcomputer can i n t e r a c t 
with the outside world. I t might take the " p a s s i v e " 
r o l e of a data gathering machine (a data l o g g e r ) , 
monitoring a process or experiments a l t e r n a t i v e l y i t 
may form the a c t i v e c o n t r o l l e r i n a c l o s e d loop control 
system. For the second a c t i v i t y to make sense, i t must 
in c l u d e an element of data monitoring, i n order t h a t 
the control loop i s cl o s e d and t h a t " i n t e l 1 e g e n t " 
d e c i s i o n s a r e made.'(3) 
K i b a s i & M i l l s have accepted t h a t a c a p a b i l i t y of 
process modification i n the l i g h t of the s t a t e of the 
output c u r r e n t l y e x i s t s and then they go f u r t h e r . They 
i d e n t i f y a consequent need to make sense of the output 
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sampling r e s u l t s be-Fore determining the best modifying 
input which w i l l be returned and i n j e c t e d i n t o the 
fr o n t of the process stage. For the r e s u l t s to be 
manipulated, i t w i l l be necessary to s t o r e them u n t i l a 
s u f f i c i e n t l y l a r g e c o l l e c t i o n i s assembled f o r a 
s t a t i s t i c a l l y worthwhile conclusion to be drawn. The 
number of stored samples w i l l depend upon the method 
and accuracy of the a n a l y s i s . 
There i s what i s sometimes c a l l e d a 'trade — o f f ' 
involved here. Since the fundamental reason f o r t h i s 
impruvement i s to achieve automatic progress towards 
the optimum output, an i n c r e a s e i n the accuracy and 
s o p h i s t i c a t i o n of the sampling technique and i t s 
a n a l y s i s , should r e s u l t merely i n a reduction i n the 
time to achieve system o p t i m i s a t i o n . There w i l l be a 
judgement made comparing the b e n e f i t s of the 
improvement with the c a s t s of achieving i t . 
When the time to optimal performance approaches the 
i n f i n i t e s i m a l , the machine may well be perceived as 
having 'intel1egence' — i f i n t e l l e g e n c e i s seen to be 
the sum t o t a l of doing t h i n g s c o r r e c t l y i n the f a s t e s t 
p o s s i b l e time. Wot, I must agree, a wholesome 
d e f i n i t i o n but one which might go some way to d e s c r i b e 
that which a c h i l d i s using as i t puts i r r e g u l a r 
o b j e c t s through a s e t of e x c l u s i v e l y d i f f e r e n t 
a pertures f o r the b e n e f i t of i t ' s doctor and/or 
parents. The human perception of a machines 
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' i n t e l l i g e n c e ' can now be considered i-f the movements 
of the machine and i t s progress through a t a s k , i s 
compared with the accuracy, speed and purpose of a 
human being accomplishing a s i m i l a r t a s k . The act of 
making a comparison e s t a b l i s h i n g an acceptance that 
somehow, and to some extent, a machine has replaced a 
human being. 
The o r i g i n a l concept of a man-made, human-like c r e a t u r e 
was the r e s u l t of a combination of circumstances. I s a a c 
Asimov reminds us th a t i n 1791 L u i g i Galvani 
demonstrated movement i n the muscles of f r o g s l e g s 
c o - i n c i d e n t with them being i n contact with two 
d i f f e r e n t metals. He drew the conclusion that "animal 
e l e c t r i c i t y ' e x i s t e d i n muscle t i s s u e , a theory s h o r t l y 
to be d i s p e l l e d by Alessandro V o l t a . The c e l l , 
demonstrated by V o l t a , which produced e l e c t r i c i t y 
without muscle t i s s u e , was l a t e r to be improved by 
Humphrey Davy i n 1807 and 1808, and with i t s help, 
Asimov r e l a t e s , he was able to c a r r y out ' a l l s o r t s of 
chemical r e a c t i o n s t h a t had been impossible to chemists 
i n the n o n - e l e c t r i c a l age'.(4) He opined t h a t , 
' E l e c t r i c i t y was t h e r e f o r e a word of power..', and 
' I n t e r e s t i n the r e l a t i o n s h i p of e l e c t r i c i t y to l i f e 
was i n t e n s e ' . ( 4 ) I t was s h o r t l y afterwards, i n 1818, 
tha t Mary S h e l l e y had a novel published. Her an t i - h e r o , 
a young s c i e n t i s t named Frankenstein, 'a student of 
anatomy, who assembled a being and succeeded i n 
i n f u s i n g i t with l i f e by way of e l e c t r i c i t y ' . ( 4 ) 
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Asimov continued to t r a c e the development of man's 
imagination on the theme o-f created beings, by 
d e s c r i b i n g a play w r i t t e n by a Csech w r i t e r , Karel 
Capek i n 1921 c a l l e d 'R.U.R.'= He wrote, 'R-U-R. stood 
•for Rossum's Un i v e r s a l Robots- L i k e F r a n k e n s t e i n , 
Rossum had discovered the s e c r e t of c r e a t i n g a r t i f i c i a l 
men- These were c a l l e d 'robots' from a Czech word 
meaning 'worker,' and the word entered the E n g l i s h 
language and gained a strong hold t h e r e - ' ( 4 ) He draws 
the p a r a l l e l between the f a t e of S h e l l e y ' s Frankenstein 
and Capek'5 population — both destroyed by t h e i r own 
c r e a t i o n s - 'Once again the s c i e n t i f i c Faust has been 
destroyed by h i s Mephistophelean c r e a t i o n ' - ( 4 ) 
The c o n t r i b u t i o n of Asimov, as a w r i t e r of s c i e n c e 
f i c t i o n , to t h i s t h e s i s may well need some 
j u s t i f i c a t i o n at t h i s point- His c a r e e r i n s c i e n c e 
f i c t i o n w r i t i n g began i n 1939, at the age of nineteen, 
with short s t o r i e s . He was an undergraduate at Columbia 
U n i v e r s i t y reading chemistry. A f t e r graduation and some 
time i n the army, 'he gained h i s doctorate i n 1949 and 
q u a l i f i e d as an i n s t r u c t o r i n biochemistry at Boston 
U n i v e r s i t y School of Medcine where he became As s o c i a t e 
Professor i n 1955, doing r e s e a r c h i n n u c l e i c a c i d . ' ( 5 ) 
Thus within the s i n g l e person there i s the a b i l i t y to 
concoct i n t e r e s t i n g n a r r a t i v e w h i l s t maintaining an 
aura of p r o b a b i l i t y based upon an understanding of the 
past progress of man together with h i s a p p r e c i a t i o n of 
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l i k e l y paths of development as prodded by c u r r e n t 
s c i e n t i f i c r e s e a r c h . 
In the book, he c o n t r a s t s the e a r l y F a u s t i a n image of 
the robot with h i s own a l t e r n a t i v e and s t a t e s , 
'Consider a robot, then, as simply another a r t i f a c t . 
. = = o = .= As a machine, a robot w i l l s u r e l y be designed 
for s a f e t y , as f a r as p o s s i b l e . I f robots are so 
advanced that they can mimic the thought processes of 
human beings, then s u r e l y the nature of those thought 
processes w i l l be designed by human engineers and 
b u i l t - i n safeguards w i l l be added. The s a f e t y may not 
be p e r f e c t (what i s ? ) , but i t w i l l be as complete as 
men can make i t ' . ( 4 ) 
He was at pains to c r e a t e a s c e n a r i o where h i s robot 
technology could e x i s t w i t h i n a l o g i c a l l y developed 
form of human s o c i e t y . He needed a s c e n a r i o which would 
be c r e d i b l e for readers who had thus f a r only known a 
fu t u r e world where calamity b e f e l l those who dabbled 
with r o b o t i c s . 
The s e r i o u s n e s s with which he took h i s prophetic prose 
i s perhaps best i l l u s t r a t e d by the following which was 
included i n a short s t o r y w r i t t e n i n March 1942 c a l l e d 
'Runaround'= Coining the word 'Robotics', he l a i d down 
the 'Three Laws of Robotics', which a r e respected by 
other w r i t e r s of s c i e n c e f i c t i o n . 
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'1= A robot may not i n j u r e a human being, or, through 
i n a c t i o n , allow a human being to come to harm. 
2. A robot must obey the orders given i t by human 
beings except where such orders would c o n f l i c t with the 
F i r s t Law. 
3 = A robot must p r o t e c t i t s own e x i s t e n c e as long as 
such p r o t e c t i o n does not con-flict with the F i r s t or 
Second Law. (6) 
I t i s worthwhile considering the s t a t e o-f technology in. 
1942= Although the watch and clockmakers were capable 
of m i n a t u r i s i n g machinery, the t r a n s i s t o r had not yet 
been demonstrated, n e i t h e r had the e l e c t r o n i c computer, 
there were no aerosol s p r a y s , aeroplanes s t i l l had 
p r o p e l l o r s , and the world o u t s i d e Europe had yet to be 
dragged i n t o the Second World War. 
Throughout the books of Asimov, and others who 
contemplate the f u t u r e as in f l u e n c e d by technology and 
s c i e n c e , robots a r e described i n a v a r i e t y of forms and 
having d i f f e r e n t purposes. The three laws were w r i t t e n 
with the humanoid form i n mind — robots u l t i m a t e l y 
i n d i s t i n g u i s h a b l e from the humans but with the a b i l i t y 
to wield great power. A l t e r n a t i v e l y , i n the St a r Wars 
f i l m s , (7) 'R2-D2' was not created i n human form, and 
i t s purpose was to a s s i s t with the mechanisms of the 
day. Indeed t h e i r f a i t h i n the c a p a b i l i t i e s of man t o 
c r e a t e humaniod robots had been tempered by the r e a l i t y 
of the a c t u a l progress i n our own time. 'C3—PO', a 
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golden human—form robot, was shown to be awkward, 
i n f l e x i b l e and was never put i n a p o s i t i o n where any 
p o s s i b l e super—human strength could be demonstrated. 
I t s e x c e l l e n c e was shown to be i n communicating with 
the s k i l l s of a p o l i t i c i a n . 
Throughout s c i e n c e f i c t i o n w r i t i n g the robot always 
seems to be able to do the f o l l o w i n g — move, make 
d e c i s i o n s , e x h i b i t s t r e n g t h , communicate and a c t 
independently. Furthermore, i t always seems to be able 
to do one or more of these t h i n g s b e t t e r than humans 
can. Robots are there to r e l i e v e humans of e f f o r t and 
from drudgery but not from the higher order 
r e s p o n s i b i l i t y of p h i l o s o p h i s i n g . 
Bo how f a r has technology progressed i n the p r a c t i c a l 
a p p l i c a t i o n s of automatic control theory? The r e a l i t y 
of the robot i n the 1980's i s described by G r i f f i t h s 
and Lewis who wrote, 'The main i n t e r e s t i n robot 
a p p l i c a t i o n s has been i n spot welding, a r c welding, 
i n j e c t i o n moulding, s u r f a c e coating and machine tool 
s e r v i c e . These a p p l i c a t i o n s are automotive produce 
o r i e n t a t e d . ' ( 8 ) 
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6. TILTING THE WINDMILLS 
We have seen that i n schools t h e r e a r e - f a c i l i t i e s -for 
making and th e r e i s evidence to support the b e l i e f that 
school c h i l d r e n have been e f f e c t i v e l y involved i n 
aspects o-f c o n t r o l . We have a l s o become aware that the 
s o p h i s t i c a t i o n o-f domestic and i n d u s t r i a l equipment 
commonly r e f l e c t s a great e r u t i l i s a t i o n o-f e l e c t r o n i c s , 
and there a r e s t o r i e s from the past which, with the 
b e n e f i t of h i n d s i g h t , now seem c l o s e r to prophesies 
r a t h e r than f a n t a s i e s . 
I f there has come a time to c o n s o l i d a t e change, what 
i s needed to i n f l u e n c e change and to what extent should 
change occur? These were some of many questions which 
the nation were asked to consider i n the re g i o n a l 
conferences c h a i r e d by the Rt. Hon. S h i r l e y Willims 
M.P., then the S e c r e t a r y of S t a t e f o r Education and 
Science. These conferences were c o l l e c t i v e l y known as 
'The Great Debate on Education' 
In h i s l e t t e r to Chief Education o f f i c e r s of J u l y 197B 
from the Department of Education and Scien c e , Stone 
r e f e r s to the 'debate on education i n i t i a t e d by the 
Prime M i n i s t e r (Rt. Hon. James Callaghan. M.P.) towards 
the end of 1976'.(1) Stone a s s e r t e d t h a t there had been 
a 'recognition of the importance of improving 
s c h o o l / i n d u s t r y l i a s o n M l ) and i n p a r t i c u l a r he r e f e r s 
to the establishment of a number of 'Science and 
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Technology R e g i o n a l O r g a n i s a t i o n s ' ( S f l T R O ' B ) » 
I n i t s g u i d e t o ' S c h o o l s and I n d u s t r y ' , t h e C a r e e r s 
R e s e a r c h and A d v i s o r y C e n t r e l i s t s t h e aims of t h e 
proposed 40 SATRO's a s b e i n g t h r e e - f o l d -
'1) To e ncourage i n n o v a t i o n i n s c i e n c e and t e c h n o l o g y 
e d u c a t i on = 
2) To improve u n d e r s t a n d i n g between s c h o o l s and 
i ndustry„ 
3) To p r o v i d e p r a c t i c a l h e l p t o t e a c h e r s . ' ( 2 ) 
I n 19B6 t h e ' D i r e c t o r y o-F o r g a n i s a t i o n s ' was p u b l i s h e d 
by HMSO a s p a r t of t h e ' I n d u s t r y Y e a r ' i n i t i a t i v e . The 
aims of SATRO and i t s l o c a t i o n s were d e s c r i b e d a s , 'To 
enhance young p e o p l e ' s u n d e r s t a n d i n g of s c i e n c e , 
e n g i n e e r i n g , i n d u s t r y and t e c h n o l o g y through c l o s e r 
working l i n k s between s c h o o l s and t h e o u t s i d e world» 
SATRO i s a network of l o c a l l y a c c o u n t a b l e c e n t r e s 
o p e r a t i n g under t h e a u s p i c e s of The S t a n d i n g C o n f e r e n c e 
on S c h o o l s ' S c i e n c e and Technology. (SCSST) C u r r e n t l y 
t h e r e a r e 40 c e n t r e s s e r v i n g 97 l o c a l e d u c a t i o n 
a u t h o r i t i e s t h r o ughout t h e U n i t e d Kingdom, and s e v e r a l 
more a r e under development= '<3) 
A l l t h r e e of t h e o r i g i n a l a ims have c o s t i m p l i c a t i o n s 
f o r t h e e d u c a t i o n s e r v i c e . T h e r e can o n l y be e x t e r n a l 
i n n o v a t i o n from o u t s i d e s c h o o l s by t h e a l t e r a t i o n of 
p u b l i c e x a m i n a t i o n s y l 1 a b u s s e s . T h i s i s not t h e same a s 
w r i t i n g new s y l l a b u s s e s b e c a u s e s c h o o l s can choose 
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whether or not t h e y w i s h t o i n t r o d u c e thera= I n -fact t h e 
new s y l l a b u s approach can a c t u a l l y m i l i t a t e a g a i n s e d 
p r o g r e s s , f o r i f i t i s proposed t o i n t r o d u c e an e x t r a 
c o u r s e s c h o o l management knows too w e l l t h a t p u p i l s 
w i l l be a t t r a c t e d from a r a n g e of o t h e r s u b j e c t areas,, 
I n f a c t any s c h o o l s u b j e c t which s e e k s t o make i t s e l f 
more p o p u l a r must aim t o r e d u c e t h e number of c h i l d r e n 
o p t i n g f o r t h e o t h e r s u b j e c t s , even i f i t r e p l a c e s a 
c u r r e n t c o u r s e . I n any c a s e i t i s not c l e a r how t h e 
p u b l i c e x a m i n a t i o n b o a r d s c o u l d be^pursuaded by a body 
without, e x e c u t i v e power t o make s u c h changes. The 
a l t e r n a t i v e i s t o a c c e s s t h e t e a c h e r s d i r e c t l y and t h i s 
can be done, e i t h e r i n t h e t e a c h e r s own t i m e — which i s 
u n l i k e l y t o be u n i v e r s a l l y p o p u l a r t h u s l e a d i n g t o 
u n c o — o r d i n a t e d p r o g r e s s , or i n t h e i r e m p l o y e r s t i m e 
which w i l l have c o s t i m p l i c a t i o n s . As CRAC a d m i t s ' = = 
but t h e y a l l r e l y on t h e v o l u n t a r y h e l p of i n d i v i d u a l s 
and o r g a n i s a t i o n s i n t h e r e g i o n . ' ( 2 ) The second aim 
r e l i e s upon t h e e s t a b l i s h m e n t of c o n t a c t s w i t h i n t h e 
s c h o o l . The s e n i o r management, i f t h e y a l r e a d y 
u n d e r s t o o d t h e v a l u e of t h e i n i t i a t i v e would be 
a c t i v e l y engaged. I f n o t , t h e y a r e w e l l p l a c e d t o p a s s 
i t on t o t e a c h e r s who a l r e a d y have a f u l l t e a c h i n g 
commitment. The p r o v i s i o n of p r a c t i c a l h e l p by 
a n s w e r i n g q u e s t i o n s , i d e n t i f y i n g a g e n c i e s f o r t h e 
p u r c h a s e of m a t e r i a l s and t h e e s t a b l i s h m e n t of an 
i n d u s t r i a l c o n t a c t d i r e c t o r y a r e t h r e e examples of ways 
i n which SATRO's a r e b e t t e r p l a c e d t o be used a s a 
t e a c h e r o r i g i n a t e d r e s o u r c e r a t h e r t h a n a s an e x t e r n a l 
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d i rector„ 
S h i l l i t o , Deputy D i r e c t o r , N a t i o n a l C e n t r e -for S c h o o l s 
Technology (WCST), T r e n t P o l y t e c h n i c s w r i t i n g i n T r e n d s 
i n 1979, quoted -from James C a l l a g h a n ' s s p e e c h g i v e n a t 
a c a r e e r s c o n v e n t i o n o r g a n i s e d by t h e Wat i o n a l Union of 
T e a c h e r s . S p e a k i n g of t h e need f o r young p e o p l e t o be 
a t t r a c t e d i n t o i n d u s t r y C a l l a g h a n c o n t i n u e d , 'For i t s 
p a r t , i n d u s t r y h a s t o t u r n i t s mind t o ways of 
a t t r a c t i n g and k e e p i n g t h i s k i n d of young p e r s o n - I t 
must be p r e p a r e d t o o f f e r o p p o r t u n i t i e s f o r advancement 
and e n s u r e t h a t a b l e young p e o p l e a r e p r o p e r l y 
m o t i v a t e d and g i v e n s u f f i c i e n t r e s p o n s i b i l i t y from t h e 
s t a r t . J (4) S h i H i t o argued t h a t 'There have a l w a y s been 
l i n k s between some s c h o o l s and between some e d u c a t i o n 
a u t h o r i t i e s , some e m p l o y e r s and some t r a d e u n i o n s . Some 
of t h e s e l i n k s have a d i r e c t i m p a c t , through t h e 
c u r r i c u l u m , on t h e c h i l d r e n t h e m s e l v e s - O t h e r s remain 
a s good i n t e n t i o n s i n t h e r a r e f i e d atmosphere of t h e 
boardroom and t h e head's s t u d y - ' ( 4 ) He was not t a l k i n g 
about careers v i s i t s t o t h e l o c a l f a c t o r y o r o f f i c e 
b l o c k f o r he c o n t i n u e d , ' L i n k s need t o become s t r o n g e r , 
more w i d e s p r e a d and more f i r m l y anchored and e f f e c t i v e 
w i t h i n t h e s c h o o l c u r r i c u l u m i t s e l f ---.--new forms of 
l i a s o n s h o u l d be d e v e l o p e d - ' ( 4 ) He c o n t i n u e d and 
d e s c r i b e d an i n i t i a t i v e s e t up between A s h f i e l d 
Comprehensive S c h o o l , NCST and i n d u s t r i a l i s t s - H i s 
r e p o r t made two main p o i n t s - The f i r s t r e f e r r e d t o t h e 
need f o r a h i g h e r p r o f i l e f o r i n d u s t r y i n s c h o o l s , ' I f 
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a s p e c t s o-f e n g i n e e r i n g and i n d u s t r i a l t e c h n o l o g i e s a r e 
i n c l u d e d i n t h e c u r r i c u l u m t h e y w i l l a s s i s t not o n l y i n 
s t i m u l a t i n g an a w a r e n e s s o-f t e c h n o l o g y and m o t i v a t i n g 
p u p i l s t o c r e a t i v e a c t i v i t i e s , but a l s o i n i n s p i r i n g 
them t o make t h e i r c a r e e r s i n i n d u s t r y . ' ( 4 ) The second 
c o u l d w e l l have been t h e e p i t a p h -for t h e messenger, 
'There i s a growing d e s i r e on t h e p a r t o-f i n d u s t r y t o 
h e l p i n t h e e d u c a t i o n a l p r o c e s s ^ G o o d w i l l e x i s t s 
between a l l t h e p a r t i e s c o n c e r n e d i n t h e r e l a t i o n s h i p 
between e d u c a t i o n and i n d u s t r y . I t i s , however, t h e 
r e s p o n s i b i l i t y o-f t h e e d u c a t i o n s e c t o r t o p r o v i d e t h e 
b a s i c o r g a n i s a t i o n t o enc o u r a g e t h i s c o o p e r a t i o n and 
g o o d w i l l . ...... F o r c o l l a b o r a t i o n t o happen and be 
f r u i t - f u l , s p e c i - f i c manpower must be a l l o c a t e d . L i n k s 
w i l l n ot become w i d e l y e s t a b l i s h e d on t h e b a s i s o-f 
g o o d w i l l and moral s u p p o r t a l o n e . ' ( 4 ) The i m p l i c a t i o n 
of t h i s i s c l e a r - money t o pay s a l a r i e s . The money 
would have t o come -from l o c a l a u t h o r i t y e d u c a t i o n 
budgets. T h e r e would be many who would not s e e t h e 
b r o a d e r c u r r i c u l u m a d v a n t a g e s o-f t h i s p r o p o s a l but 
would l i n k i t w i t h t h e i r out d a t e d image o-f workshop 
based c o u r s e s . They would i d e n t i - f y many o t h e r a r e a s o-f 
t h e c u r r i c u l u m which needed p r i o r i t y s u p p o r t . The 
p r o p o s a l , on i t s own, was a t a c o n s i d e r a b l e 
d i advantage. 
The G e n e r a l E l e c t i o n o-f 1979 had been -fought 
p r e d o m i n a n t l y on i s s u e s c o n n e c t e d w i t h employment. The 
C o n s e r v a t i v e P a r t y were c h a l l e n g i n g t h e Labour 
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a d m i n i s t r a t i o n on t h e n a t i o n s ' low i n d u s t r i a l 
p r o d u c t i v i t y , an u n f a v o u r a b l e b a l a n c e o-f payments, and 
t h e r i s i n g number of unemployed. A C o n s e r v a t i v e p o s t e r 
d i s p l a y e d on prominent s t r e e t h o a r d i n g s showed a 
s e e m i n g l y unending queue of unemployed p e o p l e and was 
s u b - t i t l e d , 'Labour i s n ' t w o rking'. 
When t h e C o n s e r v a t i v e s were e l e c t e d t o o f f i c e w i t h a 
huge m a j o r i t y , t h e p o l i t i c a l judgement t h a t t h e 
r e v i v i n g of i n d u s t r y would be t h e s a l v a t i o n of t h e 
B r i t i s h n a t i o n , was. t a k e n by t h e new government, a s 
h a v i n g been c o n f i r m e d by t h e e l e c t o r a t e . P o l i c i e s 
r e f l e c t i n g t h e 'monetarism' s t r a t e g y of P r o f e s s o r 
Keynes were c o n t i n u a l l y r e f e r r e d t o , and t h e l i n k i n g of 
i n d u s t r y and p r o d u c t i v i t y w i t h a l l p o l i t i c a l 
i n i t i a t i v e s was g i v e n a h i g h p r o f i l e . The l i n k i n g of 
e d u c a t i o n t o i n d u s t r y was a l s o t o be a p a r t of t h e 
s t r a t e g y . 
The County C a r e e r s O f f i c e r f o r County Durham, D i c k i n 
h i s l e t t e r t o me of 21=6.79, r e f e r s t o 'the s e t t i n g up 
i n 197S of t h e Durham I n d u s t r y Commerce ( E d u c a t i o n ) 
A s s o c i a t i o n s (or D I C E ) ' . ( 4 ) He i n c l u d e d a s i m p l e 
handout which d e s c r i b e d t h e h i s t o r y of DICE and a 
s t a t e m e n t of i t s major o b j e c t i v e . ' A f t e r t h e meeting 
( t h e South West Durham C a r e e r s A s s o c i a t i o n Oct 1 9 7 6 ) , 
M e s s r s . Wooley and B r e c k i l l of B l a c k 8c Decker L t d . , 
wrote t o s u g g e s t t h a t something more p o s i t i v e s h o u l d be 
done t o t a c k l e some of t h e problems f a c e d by I n d u s t r y 
and E d u c a t i o n ' ( 3 ) . F o l l o w i n g t h i s , a committee was s e t 
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up which f e l t t h a t a -formal a s s o c i a t i o n s h o u l d be 
i n a u g u r a t e d . ' E d u c a t i o n i s something everybody 
e x p e r i e n c e s and a t t h e moment i s t h e s u b j e c t of 
c o n s i d e r a b l e d e bate. At t h e same t i m e t h e b u s i n e s s 
w o r l d h a s a l s o e x p r e s s e d c o n c e r n about a c e r t a i n l a c k 
of u n d e r s t a n d i n g between i t s e l f , and t h e e d u c a t i o n a l 
s e c t o r . D i c e i s an a t t e m p t t o l e a d t o a b e t t e r 
u n d e r s t a n d i n g of each o t h e r s needs and o b j e c t s . * ( 5 ) 
T h e r e i s not much d i f f e r e n c e between t h e aim of DICE 
and Aim 2 of SATRO„ 
A b r e e z e of change t h e n , d e t e c t e d by t h e s t i r r i n g of 
t h e add p o l i t i c a l a s h . F o r t h e f o r e s t t o murmur, a s i n 
Wagners Germany, t h e c o n n e c t i o n between i n d u s t r y and 
e d u c a t i o n was about t o be i d e n t i f i e d a s t h e j u g g e r n a u t 
upon which changes c o u l d be p r e s e n t e d , and s u b s e q u e n t l y 
c a r r i e d f o r w a r d . The most d r a m a t i c u s e of t h e s c h o o l s -
i n d u s t r y l i n k would be w i t h i n t h e power of Government 
and a l t h o u g h t h e s t o r m of t h e f o r t h c o m i n g i n n o v a t i o n s 
had not y e t broken, not t o o d i s t a n t s i g n s were 
c o n t a i n e d i n t h e second p a r a g r a p h of S t o n e s ' l e t t e r t o 
t h e C h i e f E d u c a t i o n O f f i c e r s . 'As you w i l l know, t h e 
Government r e c o g n i s e s t h e key i m p o r t a n c e of 
m a n u f a c t u r i n g i n d u s t r y t o t h e economic developmemt of 
t h e UK and i s committed t o t h e r e g e n e r a t i o n of i n d u s t r y 
through t h e i n d u s t r i a l s t r a t e g y programme which h a s t h e 
f u l l s u p p o r t of t h e CBI and TUC. The S e c r e t a r y of S t a t e 
b e l i e v e s t h a t a s p a r t of t h e i r g e n e r a l e d u c a t i v e 
f u n c t i o n s c h o o l s can c o n t r i b u t e t o t h i s p r o c e s s by 
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p r o v i d i n g a b r o a d l y based c u r r i c u l u m -for p u p i l s of 
compulsory s c h o o l age s o t h a t d o o r s a r e kept open t o 
a l l o w a s i g n i f i c a n t p r o p o r t i o n of them t o e l e c t t o 
f o l l o w s c i e n t i f i c and t e c h n o l o g i c a l c o u r s e s i n s i x t h 
forms and f u r t h e r and h i g h e r educations; by i n c r e a s i n g 
t h e e x t e n t t o which t h e c u r r i c u l u m e n a b l e s p u p i l s t o 
u n d e r s t a n d t h e w o r k i n g s of i n d u s t r y and t h e i m p o r t a n t 
r o l e i t p l a y s i n s o c i e t y ? and p r o v i d i n g o p p o r t u n i t i e s 
f o r p u p i l s t o d e v e l o p an i n t e r e s t i n i n d u s t r i a l 
c a r e e r s . ' C D 
Another of t h e q u e s t i o n s r a i s e d by t h e G r e a t Debate 
c o n c e r n e d t h e e x t e n t of change, was a l s o a d d r e s s e d i n 
t h e l e t t e r , a s t h e B= E» 3= e x h o r t e d L o c a l A u t h o r i t i e s t o 
s e t — u p l i a i s o n b o d i e s which would c o n s i d e r m a t t e r s of 
common i n t e r e s t t o e d u c a t i o n and i n d u s t r y . I t gave t h e 
f o l l o w i n g a s examples, 
' i . t h e adequacy of a r r a n g e m e n t s f o r work e x p e r i e n c e 
and work o b s e r v a t i o n f o r p u p i l s i n t h e areap 
i i = o p p o r t u n i t i e s f o r t e a c h e r s t o g a i n e x p e r i e n c e of 
i n d u s t r y , and t h e ways i n which s u c h e x p e r i e n c e can be 
a s s e s s e d and used i n e d u c a t i o n p 
i i i . ways i n which t h e u n d e r s t a n d i n g of young p e o p l e 
about l i v i n g and working i n an i n d u s t r i a l s o c i e t y c a n 
be f a c i l i t a t e d ! 
i v . c o n v e r s e l y , ways of s e c u r i n g t h a t i n d u s t r y and 
commerce have a more i n t i m a t e knowledge of t h e a i m s , 
methods and c i r c u m s t a n c e s of s c h o o l s ? 
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v = ways i n which i n t e r e s t i n w e a l t h p r o d u c i n g 
s e c t o r s o-f t h e economy, and i n t h e o p e n i n g s t o 
employment a t a l l l e v e l s i n i n d u s t r y t hrough r e l e v a n t 
f u r t h e r e d u c a t i o n , p o l y t e c h n i c and u n i v e r s i t y c o u r s e s , 
can be s t i m u l a t e d 5 
v i - ways i n which i n d u s t r i a l i s t s and t r a d e u n i o n i s t s 
can make a p o s i t i v e c o n t r i b u t i o n , both i n r e s p e c t o-f 
c a r e e r s e d u c a t i o n and a s members of g o v e r n i n g b o d i e s 
and through i n f o r m a l s c h o o l / i n d u s t r y m e e t i n g s ! 
v i i „ t h e - a n a 1 y s i 5 of e x i s t i n g l o c a l s c h o o l Z i n d u s t r y 
a c t i v i t i e s and t h e encouragement of new i n i t i a t i v e s , 
w i t h p o i n t s s u c h a s ( i ) — ( v i ) above i n mind- '<!) 
I n h i s l e t t e r t o E d u c a t i o n a l B o d i e s of October 1978, 
Baker i n f o r m s them t h a t t h e D«E-S i s c o n s i d e r i n g t h e 
e d u c a t i o n a l i m p l i c a t i o n s f o r m i c r o - e l e c t r o n i c 
t e c h n o l o g y - 'The Government i s now c o n s i d e r i n g t h e 
i m p l i c a t i o n s of a s t r a t e g y t o e n s u r e t h e most 
b e n e f i c i a l e x p l o i t a t i o n of t h e new t e c h n o l o g y - The 
a s p e c t s under c o n s i d e r a t i o n i n c l u d e s 
i= The need t o promote a b e t t e r u n d e r s t a n d i n g of t h e 
t e c h n i c a l and economic i s s u e s i n v o l v e d among t h o s e 
(both managers and e n g i n e e r s ) who w i l l be making or 
i n f l u e n c i n g d e c i s i o n s on t h e a p p l i c a t i o n of t e c h n o l o g y ^ 
i i - t h e t r a i n i n g and r e t r a i n i n g of t h e e x i s t i n g 
w o r k — f o r c e t o g i v e them a working knowledge of t h e new 
t e c h n o l o g y and an a p p r e c i a t i o n of i t s p o t e n t i a l 
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a p p l i c a t i on § 
i i i - t h e l o n g e r - t e r m i m p l i c a t i o n s o-f t h e new 
t e c h n o l o g y f o r t h e e d u c a t i o n s e r v i c e ? 
i v . t h e w i d e r s o c i a l economic and s o c i a l 
i m p l i c a t i o n s , eg f o r t h e f u t u r e s t r u c t u r e of t h e 
employment market.'<7) 
The l e t t e r a l s o e x p l a i n s t h e Departments _v;iew t h a t an 
adequte r e s p o n s e t o developments i n m i c r o - e l e c t r o n i c 
t e c h n o l o g y i m p l i e s , amongst o t h e r t h i n g s , ' g i v i n g a l l 
c h i l d r e n and young p e o p l e t h e e s s e n t i a l e d u c a t i o n a l 
grounding t o e n a b l e them t o u n d e r s t a n d and adapt t o t h e 
r a p i d and profound t e c h n o l o g i c a l changes which may now 
be e x p e c t e d ' ( 7 ) . 
Baker a l s o i d e n t i f i e s t h e c h a l l e n g e t o s o c i e t y of 'new 
t e c h n o l o g y ' and t h e n goes on t o d e s c r i b e t h e r e s p o n s e s 
t o be d i r e c t e d a t t h o s e a r e a s of s o c i e t y which w i l l be 
most d i r e c t l y a f f e c t e d by i t . 
I n t h e a r e a of E d u c a t i o n , t h e D.E.S. was c o n s i d e r i n g -
'The f e a s i b i l i t y of a n a t i o n a l programme of s c h o o l s and 
c o l l e g e s t o become f u l l y aware of m i c r o - e l e c t r o n i c s and 
t o make t h e b e s t u s e of t h e new o p p o r t u n i t i e s i t 
o f f e r s . * ( 7 ) 
The r e s u l t of t h i s c o n s i d e r a t i o n was a c o n s u l t a t i v e 
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document p u b l i s h e d by D.E.S. i n March 1979= E n t i t l e d 
' M i c r o e l e c t r o n i c s i n E d u c a t i o n s A Development Programme 
•for S c h o o l s and Col 1 e g e s ' < 9 ) , i t was d e s c r i b e d i n a 
D.E.S. p r e s s r e l e a s e of March 1979 (0) , which makes no 
mention a-f o-f any o t h e r b e n e f i c i a r y -from t h e 
Development Program th a n t h e L o c a l E d u c a t i o n 
A u t h o r i t y ' s , s c h o o l s and c o l l e g e s . I t p o i n t s t o f o u r 
a c t i v i t i e s from ' w i t h i n t h e programme'. Summarised, 
t h e y c o n c e r n s — 
a. f u n d i n g t o promote f a m i l i a r i t y w i t h a p p l i c a t i o n s , 
b. d e v e l o p i n g t e a c h e r t r a i n i n g , f u n d i n g f o r 
m i c r o e l e c t r o n i c c o u r s e s , 
c= a s s e s s m e n t of computer a s s i s t e d l e a r n i n g , 
d. a s s e s s m e n t of equipment and f u n d i n g f o r new 
equipment i n p a r t i c u l a r p r o j e c t s . 
The paper i t s e l f ( 9 ) , i s b r o a d e r i n i t s a u d i e n c e , a s 
can be s e e n from t h e f o l l o w i n g q u o t a t i o n i n t h e f i r s t 
p a r a g r a p h . '....and i t , (Government), i s t a k i n g 
a p p r o p r i a t e a c t i o n . F i r s t , i t i s l a u n c h i n g an 
" a w a r e n e s s " campaign aimed a t mamagers, d e s i g n e r s and 
T e c h n o l o g i s t s a t a l l l e v e l s ? s e c o n d l y , d i r e c t s u p p o r t 
i s b e i n g g i v e n t o h e l p i n d u s t r y e x p l o i t t h e p o t e n t i a l 
of m i c r o e l e c t r o n i c s ; t h i r d l y , p u b l i c procurement w i l l 
be used t o e n c o u r a g e u s e of t h e new t e c h n o l o g y ? and 
f o u r t h l y , i n i t i a t i v e s a r e b e i n g t a k e n i n t h e f i e l d s of 
i n d u s t r i a l t r a i n i n g and e d u c a t i o n ' . 
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However, h a v i n g d e s c r i b e d t h e l i n k s i t s programme h a s 
w i t h i n d u s t r y , t h e r e m a i n d e r of t h e paper c o n c e r n s 
i t s e l f w i t h m a t t e r s of c o n c e r n t o t h e e d u c a t i o n 
s e r v i c e , and t h e s c o p e of t h e programme d e s c r i b e s t h e 
c o n t e x t i n which t h e i n i t i a t i v e i s t o be s e e n . 'The 
programme w i l l be c o n c e r n e d p r i m a r i l y w i t h t h e 
a p p l i c a t i o n s of t h e new t e c h n o l o g y r a t h e r t h a n w i t h i t s 
s c i e n c e . I t w i l l not c o v e r s p e c i a l i s t t r a i n i n g i n 
m i c r o e l e c t r o n i c s , f o r which a r r a n g e m e n t s a r e b e i n g 
s t u d i e d - s e p a r a t e l y , s i n c e n e i t h e r t h e s c h o o l s nor t h e 
m a j o r i t y of F E c o u r s e s need t o be c o n c e r n e d w i t h how 
m i c r o p r o c e s s s o r s a r e made or t h e d e t a i l of how t h e y 
work. The programme w i l l of c o u r s e h e l p i n d i r e c t l y by 
c o n t r i b u t i n g t o a f o u n d a t i o n of good s c h o o l s c i e n c e 
c o u r s e s i n c l u d i n g e l e c t r o n i c s and r e a d y a c c e s s t o 
computing f a c i 1 i t i e s . ' ( 8 ) The c o s t and l i f e s p a n of t h e 
programme was d e s c r i b e d i n t h e l a s t p a r a g r a p h , ' . . . t h e 
Government h a s d e c i d e d t h a t up t o an a v e r a g e of £2.5M 
per annum o v e r a p e r i o d of 5 y e a r s may be a v a i l a b l e t o 
c o v e r a programme i n E n g l a n d , Wales and N o r t h e r n 
I r e l a n d . ' < 9 > . 
The aims of t h e Government s h o u l d now be c l e a r , 
p r o v i d i n g t h e s t a t e m e n t s have a l l f i l t e r e d through t o 
t h o s e who 'need t o know', and i t i s p r e c i s e l y t h i s 
f i l t e r i n g t h rough which may p r o v e t o have been a f l a w 
i n t h e s t r a t e g y f o r i m p r o v i n g t e c h n o l o g i c a l c a p a b i l i t y 
w i t h i n t h e s c h o o l s . I n view of t h e Governments' 
p e r c e i v e d need f o r s u c h an u p h e a v a l i n t h e c o n t e n t of 
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t h e e d u c a t i o n a l c u r r i c u l u m , i t might have been prudent 
t o i n v e s t i g a t e why t e c h n o l o g i c a l p r o g r e s s had 
s t a g n a t e d . F o r i f , a s I b e l i e v e , t h e b u s i n e s s o-f 
i n t e r n a l e d u c a t i o n a l communication and t h e o p e r a t i o n of 
c u r r i c u l u m development i s l e s s t h a n e f f i c i e n t , t h e new 
i n i t i a t i v e s would s t i l l f a i l . 
I n a l e t t e r t o me? from t h e D.E.S., 17 J u l y 1979 ( 1 0 ) , 
t h e c o n s u l t a t i v e document and i t s ' p l a n s f o r a n a t i o n a l 
development programme t o h e l p s c h o o l s and c o l l e g e s 
become aware of t h e p o t e n t i a l of m i c r o - e l e c t r o n i c s ' ( 5 ) 
was r e f e r r e d t o i n t h e c o n t e x t of w i d e r p o l i t i c a l 
c o n c e r n s . 'However, t h i s programme i s c u r r e n t l y under 
r e v i e w i n t h e l i g h t of c u t s i n p u b l i c e x p e n d i t u r e ' ( i O ) . 
The p e n u l t i m a t e p a r a g r a p h of t h e l e t t e r seems t o a s s e r t 
t h e r e l a t i v e l y h i g h i m p o r t a n c e of t h e i n i t i a t i v e w i t h a 
view, p e r h a p s , t o e n g e n d e r i n g a s e n s e of optimism. 'The 
DES r e c o g n i s e s t h a t an a p p r o p r i a t e r e s p o n s e t o t h e new 
t e c h n o l o g y must n e c e s s a r i l y i n c l u d e t h e p r o v i s i o n of 
t e c h n i c a l c o u r s e s t o t r a i n t h e s p e c i a l i s t s who w i l l be 
neded f o r i n d u s t r y . However, i t i s a l s o i m p o r t a n t t o 
develop n o n - t e c h n i c a l e d u c a t i o n t o f a m i l i a r i s e a d u l t s 
and c h i l d r e n a l i k e w i t h t h e p o t e n t i a l w i d e s p r e a d u s e s 
of m i c r o p r o c e s s o r s , t o h e l p them t o a d j u s t t o t h e r a p i d 
changes s o c i e t y can e x p e c t t o s e e i n t h e n e x t few 
y e a r s ' ( 1 0 ) = 
I n t h e e v e n t , t h e government e s t a b l i s h e d t h e 
' M i c r o - e l e c t r o n i c s E d u c a t i o n Programme' i n November 
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1980, w i t h an annual budget o-f £5.0m and a l i f e 
e x p e c t a n c y of s i x y e a r s . I t s aims were. 
t o promote, w i t h i n t h e s c h o o l c u r r i c u l u m , t h e s t u d y 
of m i c r o e l e c t r o n i c s and i t s e f f e c t s . 
•H- To encourage t h e u s e of t h e t e c h n o l o g y a s an a i d t o 
t e a c h i n g and l e a r n i n g . * 
To a c h i e v e t h e s e a i m s , MEP works c l o s e l y w i t h l o c a l 
e d u c a t i o n " a u t h o r i t i e s "and s t i m u l a t e s programmes of 
t e a c h e r t r a i n i n g and c u r r i c u l u m development, both 
r e g i o n a l and n a t i o n a l = ' ( 1 1 ) 
The major s t a t e m e n t of t h e MEP s t r a t e g y r e a d s , 'The aim 
of t h e programme i s t o h e l p s c h o o l s t o p r e p a r e c h i l d r e n 
f o r l i f e i n a s o c i e t y i n which d e v i c e s and s y s t e m s 
based on m i c r o e l e c t r o n i c s a r e commonplace and 
p e r v a s i v e . These t e c h n o l o g i e s a r e l i k e l y t o a l t e r t h e 
r e l a t i o n s h i p s between one i n d i v i d u a l and a n o t h e r and 
between i n d i v i d u a l s and t h e i r works and p e o p l e w i l l 
need t o be aware t h a t t h e speed of change i s 
a c c e l e r a t i n g and t h a t t h e i r f u t u r e c a r e e r s may w e l l 
i n c l u d e many r e t r a i n i n g s t a g e s a s t h e y a d j u s t t o new 
t e c h n o l o g i c a l developments'=(11) 
As t h e c o n s u l t a t i v e paper<9) a n t i c i p a t e d , t h e p r o j e c t 
was a d m i n i s t e r e d by t h e C o u n c i l f o r E d u c a t i o n a l 
T echnology, a body s e t up i n 1973 a s a c h a r i t a b l e t r u s t 
and funded j o i n t l y by DES E n g l a n d 8< Wales, S c o t l a n d and 
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W c r t h E r r i I r e l a n d = The r e g i o n a l concept o-f t h e MEP 
s t r a t e g y d i * ' l d o d England Wales and N o r t h e r n I r e l a n d 
i n t o - f o u r t e e n areas w i t h r o u g h l y t h e same p o p u l a t i o n , 
and groups o f LEA * s wcar« eiipacted t o work &a?.th fh;? REP 
i n u n t i l a t-J-'iy 1.11eat vilu^io t.tii} n?. x y s a r s ended t h s y p i o u l d 
c o n t i n u e t o Bt=pport it„ 'F-it-ituh Rny'-on^ Bitpj.»cjrfcwtt and 
guides"! by MEPV s e p a r a t e l y prc-vf. des a major 3 r e f o r m a t i o n 
S e r v i c e , m o n i t o r s , s u p p o r t s mtd y u i d e a L u r r i c u l u m 
d e v e l o p m e n t and has e s t a b l i s h e d an INSET < i n - - s e r v i c e 
t r a i n i n g -for t e a c h e r s ; p a t t e r n -for K i c r o c l a c t r c m i c o 
c0. u.»_ a <. A t j n = 
The N o r t h R e g i o n was d e - f i n e d as i n c l u d i n g C l e v e l a n d , 
C u m b r i a , Durham, G a t e s h e a d , N e w c a s t l e upon l y n e , N o r t h 
T y n e s i d e , N o r t h u m b e r l a n d , S o u t h T y n e s i d e , S o u t h 
T y n e s i d s and S u n d e r l a n d LEA 's= The D i r e c t o r a t e o-f t h e 
w h o l e programme was based i n t h e g r o u n d s o-f 
N e w c a s t l e - u p o n - T y n e P o l y t e c h n i c , as was one o f t h e f o u r 
S p e c i a l E d u c a t i o n C e n t r e s . 
The t e a c h e r t r a i n i n g was seen t o be r e q u i r e d a t 
d i f f e r e n t l e v e l s o f d i f f i c u l t y o r s o p h i s t i c a t i o n t o 
meet t h e d i f f e r e n t l e v e l s o f k n o w l e d g e a l r e a d y h e l d by-
e x i s t i n g t e a c h e r s , and i t w o u l d need t o be d e l i v e r e d 
w i t h an a p p r e c i a t i o n o f t h e v a r i e t y o f d i f f e r e n t s k i l l s 
d e m o n s t r a t e d by t h e t e a c h e r s . However, f o u r Domains 
Mere i d e n t i f i e d w h i c h w o u l d c o v e r ' t h e f o l l o w i n g 
g e n e r a l a r e a s s 
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1) E l e c t r o n i c s and C o n t r o l Technology., 
2) Computer a s an I n s t r u m e n t (Computer S t u d i e s , i n 
c o n t r o l of s c i e n t i f i c i n s t r u m e n t s and i n a r t and 
rnusi c ) . 
3) Computer Based l e a r n i n g (CAL, CML) = 
4) Communication and I n f o r m a t i o n S t u d i e s ( i n f o r m a t i o n 
r e t r e i v a l , d a t a b a s e s , word process!ng)„'t12) 
Each g e n e r a l a r e a was a s s i g n e d a 'Mational I n — S e r v i c e 
T r a i n i n g s E o - o r d i n a t o r ' who were ba s e d i n Hampshire,--
Dyfed, H e r t f o r d s h i r e and L e i c e s t e r s h i r e r e s p e c t i v e l y . 
The E l e c t r o n i c s and C o n t r o l Technology domain had i t s 
Northen Region c o - o r d i n a t o r based i n S u n d e r l a n d and i n 
t h e same b u i l d i n g t h e r e was e s t a b l i s h e d one of t h e 
N a t i o n a l E v a l u a t i o n and Development Centres.(NEDC) The 
Su n d e r l a n d NEDC was d e v e l o p i n g t h e r a n g e of f a c i l i t i e s 
and s t r a t e g i e s which were t o be c o p i e d i n t h e o t h e r 
R e g i o n a l I n f o r m a t i o n C e n t r e s . 
By October 1985 liEP had produced 21 ' f i l e s ' , which were 
commonly r e f e r r e d t o a s 'Green F i l e s ' . Bound by sprung 
p l a s t i c and c o v e r e d w i t h g r e e n c a r d b e a r i n g t h e MEP 
logo , each was a book which c o n t a i n e d i n f o r m a t i o n on 
c u r r i c u l u m i n n o v a t i o n s u t i l i s i n g c o mputers, e l e c t r o n i c s 
or both. MEP d e s c r i b e d t h e p o t e n t i a l of e l e c t r o n i c s i n 
CDT i n i t s p u b l i c a t i o n s d e s c r i p t i o n of 1985. ' T h i s 
medium', ( m i c r o e l e c t r o n i c s ) ' e n a b l e s p u p i l s t o engage 
i n m e a n i n g f u l d e s i g n a c t i v i t i e s where r e a l c h o i c e s have 
t o be made about what a p p r o a c h e s and m a t e r i a l s a r e 
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chotsen and haw t h e y a r e u t i l & t r a d . Mi C T O B I Gci'.foni cs may 
he uaed i n thu* CDT apf-trot-io"$ e x a c t l y aa any o t h e r 
r s r iource/meid?. u r n / t o n l and appronr?. a t e l y and e f f c?i:ti v e l y 
:1 n t aerator] i n t o prct jk-?rt t y p e a c t i v i t i e s which 
i n r o r p o r a t R a v a r i e t y of o t h e r m a t e r i a l s , t e c h n i q u e s 
arid s k i l i s . ' ( 1 3 ) A l t h o u g h t h a i n i t i a l purporso of MEP 
had bean t o p r o v i d e i n — s e r v i c e t r a i n i n g -for t e a c h e r s , 
b o t h V'IEI S a l f o r d and S u n d e r l a n d c e n t r e s had developed 
s u p p o r t m a t e r i a l s , , 
However s f o r t e a c h e r s e m p l o y e d by l o c a l a u t h o r i t i e s nut 
s u p p o r t i n g a c e n t r e , o r b e i n g u n w i l l i n g t o p r o v i d e 
s u p p o r t f o r a t t e n d a n c e a t t h e i r i n — s e r v i c e c o u r s e s , 
t h e r e was n e i t h e r r e a s o n nor i n c e n t i v e f o r them t o 
i m p l e m e n t i n n o v a t i o n s . 
I t i s n o t i n c o n c i e v a b l e t h a t many t e a c h e r s r e m a i n e d 
u n a w a r e o f t h e work b e i n g done by MEP= I , p e r s o n a l l y , 
know o f one and I am t h a n k f u l t o Tom Mead, D i r e c t o r o f 
S u n d e r l a n d M i c r o e l e c t r o n i c s E d u c a t i o n C e n t r e and NIEDC, 
and a u t h o r o f t h e g r e e n f i l e c a l l e d 'The Book', an 
e n c y c l p a e d i a o f e l e c t r o n i c s f o r t h e CDT t e a c h e r , f o r 
h i s t i m e when he a l l o w e d me t o i n t e r v i e w h i m i n 
November 1 9 8 5 = 
i= S t o n e . R=H. ' S c h o o l s / I n d u s t r y L i n k s ' . L e t t e r t o 
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C h i e f E d u c a t i o n O f f i c e r s . DES. 28.7,78. 
2. 'SchoolD and I n d u c t r y •• A g u i d e t o s c h o o l s — 
i n d u s t r y l i n k s ' n C a r e e r s R e s e a r c h and A d v i s o r y C o u n c i l , , 
> 979 „ 
3. ' S L i i u o l / I n d u n t r y I .xnkr> •• A d i r e c t o r y o f 
o r g a n i s a t i o n s ' . HMSLL 1906,, 4 „ S h i l l i t o e , , B„ ' E d u c a t i o n 
and I n d u s t r y : ; A p r o j e c t i n A'.ihf i e?X d. ' Trends,, i 9 7 9 s 1 
5r i ) i c k . , G.RoD, L e t t e r t o t h e a u t h o r f r o m Durham C o u n t y 
Carreer's O f f i c e . DCC= 2 1 = 8=79= ( A p p e n d i x 2) 
6. 'The H i s t o r y o f DICC*, Durham I n d u s t r y , Commerce 
E d u c a t i o n A s s o c i a t i o n . N o t i c e o f I n a u g u r a l Meeting, 
•January 1978 = 
7= B a k e r . f l . B . ' E d u c a t i o n a l I m p l i c a t i o r i s o f 
M i c r o - E l e c t r o n i c T e c h n o l o g y ' . L e t t e r t o E d u c a t i o n a l 
B o d i e s . DES. 24.10.78, 
B. ' M i c r o e l e c t r o n i c s D e v e l o p m e n t Programme F o r S c h o o l s 
and C o l l e g e s ' . P r e s s R e l e a s e . DES. 6.3.79. 
9„ ' M i c r o e l e c t r o n i c s i n E d u c a t i o n . A D e v e l o p m e n t 
Programme f o r S c h o o l s and C o l l e g e s ' . DES. March 1979. 
10. M .D.Goldspink. L e t t e r f r o m D e p a r t m e n t o f E d u c a t i o n 
and S c i e n c e . 17.7.7V,, ( A p p e n d i x 2) 
11= HEP. 'The Programme.' E d u c a t i o n November 1985. 
12. ' E l e c t r o n i c s & C o n t r o l T e c h n o l o g y Domain. 
I n f o r m a t i o n F i l e . ' MEP R o n s e l l a . 1984. 
13. 'Of P a r t i c u l a r I n t e r e s t To CDT T e a c h e r s ' MEP 
R o n s e l l a 1985. 
14. ' E l e c t r o n i c s and C o n t r o l T e c h n o l o g y Domain. The 
Book.' MEP. R o n s e l l a . 1985. 
PAGE 112 
7„ OF C H I E F S a INDIANS AMD LEMMINGS 
J a n u a r y 19B0 saw t h e p u b l i c a t i o n of t h e F i n n e s t o n 
r e p o r t i n t o t h e -future o-F t h e e n g i n e e r i n g 
p r o f e s s i o n ( i ) , and i n t h e f o l l o w i n g March, t h e S c h o o l 
Technology Forum - a forum of t e a c h e r s ' a s s o c i a t o n s 
under t h e a e g i s of t h e S t a n d i n g C o n f e r e n c e on S c h o o l s ' 
S c i e n c e and Technology - h e l d a c o n f e r e n c e a t T r e n t 
P o l y t e c h n i c The c o n f e r e n c e , c a l l e d 'Chips i n C o n t r o l ' 
had- t w o - t a s k s , '„ „ f i r s t , t o examine t h e n e c e s s i t y f o r 
t h e p o t e n t i a l of m i c r o e l e c t r o n i c s i n i n d u s t r i a l 
e n g i n e e r i n g a p p l i c a t i o n s t o be made c l e a r i n t h e 
s c h o o l s ^ s e c o n d , t o examine t h e n a t u r e of t h e 
e n g i n e e r i n g t a l e n t s needed i n i n d u s t r y i f t h e f u l l 
p o t e n t i a l of new t e c h n o l o g i e s i s t o be r e a l i s e d . ' ( 2 ) 
I n h i s a d d r e s s t o t h e c o n f e r e n c e p r i o r t o t h e group 
d i s c u s s i o n s on t h e F i n n i s t o n r e p o r t , G.L.WiIde 0=B.E« -
R o l l s Royce c o n s u l t a n t and l a t e l y t h e i r C h i e f E n g i n e e r 
— made r e f e r e n c e t o t h e r e a l i t y of e n g i n e e r i n g - ' I f you 
were t o ask a group of p e o p l e who was r e s p o n s i b l e f o r 
p u t t i n g men on t h e moon, most would answer s c i e n t i s t s . 
I n f a c t i t was e n g i n e e r s f o r i t can be s a i d t h a t t h e 
s c i e n t i f i c c o n t e n t of t h e p r o j e c t was t h e Newtonian 
mechanics of t h e e i g h t e e n t h c e n t u r y ' . ( 2 ) He i d e n t i f i e d 
s i x a r e a s of e n g i n e e r i n g — c i v i l , m e c h a n i c a l , 
e l e c t r i c a l , c h e m i c a l , a e r o n a u t i c a l and s p a c e — and 
e x p l a i n e d t h a t e ach a r e a employed ' ' d e s i g n ' 
e n g i n e e r s , ' t e c h n i c a l ' e n g i n e e r s ' , ' r e s e a r c h ' e n g i n e e r s , 
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enc;?.nsers» • proc 
nrm;!. '^ s-'r1,':? nr.'. 
i i a d l j l i i i s t E . 
W Or"! i G n O p G j U^b'C a --• 
t e c h ™i J. c i Hi n s ^ "t 2) 
.n h o s p i t a l a t n e DOCCO 
i'pijt" v. no nur'Tinn. 
i.itr'QROnt 
i B t s r s ; 
He c o n t i n u e d t o a r g u e t h a t t h e o r y and p r a c t i c e a r e b o t h 
e s s s n t i a I s k i l l s -Par d e s i gn on g i n esnr H .v an c amp 1 a i n ed 
t h a t t h e l o s s o f -the a p p r e n t i c e s h i p s t a g e i n 
e n g i n e e r i n g t r a i n i n g had! r e s u l t e d i n g r a d u a t e s e n t e r i n g 
i n d u s t r y i i m x p a r i e n c e d i n t h e ' b a s i c s k i l l s needed f o r 
e n g i n e e r i n g d e s i g n ' - ( 2 ) 
The theme o f t h e s e q u o t a t i o n s p r o v i d e s t h e s c e n a r i o f u r 
a ccmedy o-5 o r r o r s . A prf?-arabira, w h i c h e s t a b l i s h e s t h a t 
t h e o v e r a l l o p p o r t u n i t y -for c r e a t i v i t y i n i n d u s t i r y i s 
n o t o b v i o u s b e c a u s e o f t h e p o p u l a r m i s c o n c e p t i o n o f t h e 
r o l e o f t h e e n g i n e e r . The main t h r u s t . , w h i c h e x p l o r e s , 
i n a h e l t e r - s k e l t e r o f a c t i o n , t h e m i r i a d s c o p e f o r t h e 
s a t i s f a c t i o n o f p a r t i c u l a r i n t e r e s t s i n c r e a t i v i t y , , The 
t r a g i c e n d i n g , where t h e t h e a u d i e n c e i s t r e a t e d t o t h e 
s i g h t o f a g i a n t . roman d i n o s a u r s t r u g g l i n g a g a i n s t 
b e i n g hung by t h e l i f e — l i n e n f i t s own s e l f — p e r c e p t i o n , , 
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The- r l x R r r i B s a o n s tehinb v^O. l o w e d w e r y infcsndecJ t o a n a l y s f : 
t h e Finn-, s t o n r e p o r t . s , h">- f «->•? J. n«i ncj M i l d e ' c ; i 1 A i<ist r ^ t ^ c l 
?.i=r'w.rR,, ?. t i s Ret t j u p r i s i n s y t h a t t h e g r o u p s r n p w t n 
f e n d e r ! to h a v s bs-sn t & i n t c - d b y t5 ;s :• p m r t * H why. r.h he? 
rk-:elt r.r t-n~, W h i l s t ^ e v s r actur." i'.y ! ^ ; : ; : i r ; r p f - y r r - d t o as 
a uoticf t h r ; an r : f - «speror o-f t h e Conf e d e r a t i c r : o f 
B r i t i s h . i n d u s t r y h a v i r . c ; «cmfc h i n rjr'jan t c t h e r e - a c r t , 
oecafiis c e n n a c t e d w i t h utmt-} m-x Anur. c r i t i c i s m s w h i c h 
t-rares 
c> The l a c k o f m e n t i o n o f t h e d e s i g n p r o c e s s and 
e x p e r i e n c e . 
b> Wo r e f s r e n c e t o t h e need - f o r c h i l d r e n t o h a v s 
c r e a t i v e e x p e r i e n c e s a t s c h o o l . 
c ) Wo mention o-f t h e q u a l i t i e s , , as o pposed t o s u b j e c t s , 
t o be a q u i r e d a t s c h o o l . 
d) Mo new i d e a s f o r t h e encouragement o-f E n g i n e e r i n g 
q u a l i t i o H i n rc-K:rs.<i t s t o i n d u s t r y . 
e) The i m p o r t a n c e o-f s k i l l s i n v i s u a l c u M i f i u s i i c a t i on 
wesrts not. ffinnt ?. o n e d „ 
•?> The s t r o n g e m p h a s i s on economi i _ / i « i d u s t r i a l n a t i o n a l 
n e eds rp.f.hnr t h a n t h e needs o f t h e .whole c h i I d u 
g) The c o n c e n t r a t i o n o-f t h e r e p o r t on management, 
r a t h e r t h a n d e s i g n , s k i l l s . 
The F o r Lira r e s p o n d e d t o t h e F i n n i s t o n r e p o r t b y 
i d e n t i f y i n g f o u r 'key i s s u e s ' , w h i c h i t s u m m a r i s e d as 
-f o l 1 owss 
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'1= A n a t i o n a l commitment t o t h e r e c o g n i t i o n of t h e 
i m p o r t a n c e of a c o m p r e h e n s i v e p r o f i l e of p e r s o n a l 
q u a l i t i e s needed by e n g i n e e r s a t a l l l e v e l s s h o u l d be 
i n s t i g a t e d , , 
2. T h e r e i s no r e a s o n t o b e l i e v e t h a t t h o s e s u b j e c t s 
which might be thought t o keep open t h e o p t i o n s f o r 
e n g i n e e r i n g s u b j e c t s a r e t h e same s u b j e c t s which a l s o 
i n f l u e n c e p u p i l s w i t h l a t e n t e n g i n e e r i n g a p t i t u d e s t o 
make c a r e e r c h o i c e s t o w a r d s e n g i n e e r i n g . 
3. Don't " r e — i n v e n t t h e w h eel". Use t h e " b e s t 
p r a c t i c e " examples of s c h o o l s a l r e a d y committed t o 
d e m o n s t r a t e t h e l i n e s which might be t a k e n t o o t h e r 
s c h o o l s . 
4. The argument f o r c hanges i n t h e s c h o o l s must not be 
based on t h e c u r r e n t , p o s s i b l y c y n i c a l , manpower needs 
of i n d u s t r y . ' ( 2 ) 
The i d e n t i f i c a t i o n of an e n g i n e e r s p r o f i l e stemmed from 
t h e need t o d e v e l o p a t r u e p e r c e p t i o n of e n g i n e e r s and 
t h e i r work. The second key i s s u e a r o s e from a c l o s e l y 
argued p i e c e of e v i d e n c e which t h e Forum had s u b m i t t e d 
t o t h e e n q u i r y . I t i s of key i m p o r t a n c e b e c a u s e i t can 
produce a p o s i t i v e , r a t h e r than s i m p l y m i s i n f o r m e d , 
a n t i — e n g i n e e r i n g c a r e e r c h o i c e . 
Summarised, t h e argument i s a s f o l l o w s . 
School s u b j e c t s used a s s e l e c t i o n c r i t e r i a f o r H i g h e r 
E d u c a t i o n a q u i r e h i g h s t a t u s . Even f o r e n g i n e e r i n g , 
c r e a t i v i t y s u b j e c t s a r e not c a l l e d f o r . The more a b l e 
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p u p i l s do n o t c h o o s e l o w s t a t u s s u b j e c t s ^ I n t h e 6 t h 
•far m 5 t h o s e e l i g i b l e f o r e n g i n e e r i n g i n H i g h e r 
E d u c a t i o n a r e t h o s e who s t u d y Maths and Physics„ They 
were; fflotivatod i n t h e 4 t h and 5 t h y e a r by t h t j 
s c i erst i f i c o b j e c t i v e s o f c u r i o s i t y and t h e a q u i s i t . i o n 
o f k n o w l e d g e . But s c i e n c e , t a u g h t as a d i s c i p l i n e . , i s 
n o t e a s i l y t r a n s l a t e d t o the; i m p r o v e m e n t o f t h e human 
c o n d i t i o n and w i t h o u t c r e a t i v e e x p e r i e n c c n t h e a b l e 
p u p i l s a r e n o t i n s p i r e d t o c r e a t e o r t o g a i n w i d e r 
p e r s p e c t i v e s . 
R e f e r e n c e has a l r e a d y been made t o t h e d e v e l o p m e n t s i n 
T e c h n o l o g y e d u c a t i o n . The t h i r d key i s s u e a c k n o w l e d g e s 
t h e s e . However i n t h e p r e c u r s o r y a r g u m e n t w h i c h 
d e s c r i b e s b o t h t h e p r o g r e s s and i t s d i s s e m i n a t i o n , 
thes'-e i s t o be f o u n d t h i s p a r a g r a p h . ' W i t h o u t t h e 
( d o u b t f u l ) a d v a n t a g e s o f c e n t r a l d i r e c t i o n o f t h e 
c u r r i c u l u m e n j o y e d b y some o t h e r c o u n t r i e s , t h e 
a m e l i o r a t i o n o f t h e s e c o n s t r a i n t s i n t h i s c o u n t r y can 
o n l y come a b o u t t h r o u g h p e r s u a s i o n by e x a m p l e " . ( 2 ) I n 
t h e l i g h t o f t h e t h e c u r r e n t (1987) d i s c u s s i o n s on a 
N a t i o n a l C u r r i c u l u m , i t w o u l d seem t h a t as a w i n d o f 
c h a n g e , ' p e r s u a s i o n b y e x a m p l e ' b l e w t o o s l o w l y ! 
I t i s o f t e n s a l u t a r y t o l o o k a t t h e s t a t e m e n t s o f 
h i s t o r y . Those r e s p o n s i b l e f o r t h e s y n t h e s i s o f t h e 
f o u r t h Key I s s u e can now he seen t o have s u f f e r e d f r o m 
c o l l e c t i v e c h a r a b e r l a i n i s m . The d i s c u s s i o n s had 
i n d i c a t e d an a p p r e h e n s i o n and d o u b t f u l n e s s on t h e p a r t 
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o f t h e s c h o o l s a b o u t ' d e s i g n i n g t h e i r c u r r i c u l u m t o 
meet t h e manpower needs o f t h e moment *„ (2) H a v i n g 
r e c o g n i s e d t h e c y c l i c a l n a t u r e o f manpower s h o r t a g e s 
and a c c e p t e d t h e t e a c h e r s b e l i e f t h a t t h e b a s i s o f 
t h e i r c r t i d i b i 1 i t y wuuld be l o s t i f t h e y w e re t o he seen 
as t h e p r o v i d e r s o f i n d u s t r i a l f o d d e r , t h o y w r o t e -
'The Forum b e l i e v e s t h a t t h e s e are? u n n e c e s s a r y 
w o r r i e s ' . I n s t e a d , t h e y i d e n t i f i e d t h e p e r s o n a l and 
s o c i a l p r o b l e m s o l v i n g a c t i v i t i e s as b e i n g t h e m a i n s t a y 
o f t h e a r g u m e n t t h a t t e c h n o l o g y s h o u l d be t h e s u b j e c t 
o f a c u r r i c u l u m c h a n g e . 
I t was a l s o i n 1980 t h a t t h e R o y a l S o c i e t y f o r t h e 
e n c o u r a g e m e n t o f A r t s , M a n u f a c t u r e s and Commerce <RSA) 
p u b l i s h e d i n t h e n a t i o n a l p r e s s i t s E d u c a t i o n f o r 
C a p a b i l i t y M a n i f e s t o . I n 1985 t h e RSA p r o d u c e d i t 
a g a i n , w i t h m i n o r ammendments and w i t h a l i s t o f 
s i g n a t o r i e s . ' C i r c u l a t e d among l e a d i n g f i g u r e s i n 
i n d u s t r y , t h e p r o f e s s i o n s and e d u c a t i o n , i t f o u n d many 
w i l l i n g t o s i g n and e n d o r s e i t s c o n c e p t o f b a l a n c e . ' ( 3 ) 
'There i s a s e r i o u s i m b a l a n c e i n B r i t a i n t o d a y i n t h e 
f u l l p r o c e s s w h i c h i s d e s c r i b e d by t h e t w o w o r d s 
" e d u c a t i o n " and " t r a i n i n g " . The i d e a o f t h e " e d u c a t e d 
p e r s o n " i s t h a t o f a s c h o l a r l y i n d i v i d u a l who has been 
n e i t h e r e d u c a t e d n o r t r a i n e d t o e x e r c i s e u s e f u l s k i l l p 
who i s a b l e t o u n d e r s t a n d b u t n o t t o a c t . Young p e o p l e 
i n s e c o n d a r y o r h i g h e r e d u c a t i o n i n c r e a s i n g l y 
s p e c i a l i s e , and t o do so t o o o f t e n i n ways w h i c h mean 
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t h a t t h e y e r t i t a u g h t t o p r a c t i s e o n l y t h o s e s k i l l s o f 
s c h o l a r s h i p and sciPHCR. They s q u i r e k n o w l e d g e o f 
p a r t i c u l a r s u b j e c t s , b u t a r e n o t e q u i p p e d t o use 
k n o w l e d g e i n way'5 w h i c h a r e r e l e v a n t t o t h e w o r l d 
o s i t s i d c t h e e d u c a t i o n s y s t c - j c T h i s i m b a l a n c e i s h a r m f u l 
t o i n d i v i d u a l s , t o i n d u s t r y and t o s o c i e t y . A 
eeel I —h&l a n c e d e d u c a t i o n s h o u l d , o f c o u r s e , embracB 
a n a l y s i s and t h e a q u i s i t i o n o f k n o w l e d g e . B u t i t must 
a l s o i n c l u d e t h e e x e r c i s e o f c r e a t i v e «=»kiIIn, t h e 
c o m p e t e n c e t o u n d e r t a k e and c o m p l e t e t a s k s and the; 
a b i l i t y t o c o p e w i t h e v e r y d a y l i f e ? and a l s o d o i n g a l l 
t h e s e t h i n g s i n c o - o p e r a t i o n w i t h o t h e r s . 
T h e r e e x i s t s i n i t s own r i g h t a c u l t u r e w h i c h i s 
c o n c e r n e d w i t h d o i n g , m a k i n g and o r g a n i s i n g and t h e 
c r e a t i v e a r t s . t h i s c u l t u r e e m p h a s i s e s t h e d a y - t o - d a y 
management o f a f f a i r s , t h e f o r m u l a t i o n and s o l u t i o n o f 
p r o b l e m s and t h e d e s i g n , m a n u f a c t u r e o f g oods and 
s e r v i ces = 
E d u c a t o r s s h o u l d s p e n d more t i m e p r e p a r i n g p e o p l e i n 
t h i s way f o r a l i f e o u t s i d e t h e e d u c a t i o n s y s t e m . The 
c o u n t r y w o u l d b e n e f i t s i g n i f i c a i i t 1 y i n e c o n o m i c t e r m s 
f r o m what i s h e r e d e s c r i b e d as E d u c a t i o n f o r 
C a p a b i 1 i t y . ' ( 3 ) 
The RSA s p r i n g n e w s l e t t e r ' E d u c a t i o n f o r C a p a b i l i t y ' , 
19S4, e x p l a i n e d t h a t t h e m a n i f e s t o a i m e d t o e n c o u r a g e 
and d e v e l o p f o u r c a p a c i t i e s w h i c h i t s a u t h o r s 
m a i n t a i n e d w e re u n d e r — e m p h a s i s e d i n t h e e d u c a t i o n 
s y s t e m . 'The g r e a t m a j o r i t y o f l e a r n e r s - w h e t h e r 
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p u p i l s a t s c h o o l . , s t u d e n t s a t u n i v e r s i t i e s , 
p o l y t e c h n i c s o r c o l l e g e s ^ o r a d u l t s s t i l l w a n t i n g t o 
l e a r n - a r e d e s t i n e d f o r a p r o d u c t i v e l i f e o f p r a c t i c a l 
a c t i o n , , They arcs g o i n g t o do t h i n g s , d e s i g n t h i n g s , 
make t h i n g s , o r g a n i s e t h i n g s , f o r t h e most p a r t i n 
c o - o p e r a t i o n w i t h o t h e r p e o p l e . They need t o i m p r o v e 
t h e i r c o m p e t e n c e , by t h e p r a c t i c e o f s k i l l s and t h e use 
o f k nowledges t o cope b e t t e r w i t h t h e i r own l i v e s and 
t h e p r o b l e m s t h a t c o n f r o n t them and s o c i e t y 5 t o d e v e l o p 
t h e i r c r e a t i v e a b i l i t i e s ^ a n d , above a l l , t o c o - o p e r a t e 
w i t h o t h e r p e o p l e . I t i s t h e s e f o u r c a p a c i t i e s t h a t WP 
want t o see e n c o u r a g e d and d e v e l o p e d t h r o u g h E d u c a t i o n 
f o r C a p a b i l i t y . ' ( 4 ) 
The M a n i f e s t o c o m p l a i n e d t h a t young p e o p l e w e re n o t 
e q u i p p e d t o use t h e i r s c h o o l d e r i v e d k n o w l e d g e i n ways 
w h i c h a r e r e l e v a n t t o t h e w o r l d o u t s i d e t h e e d u c a t i o n 
s y s t e m , and t h e document i s q u i t e f i r m i n i t s a r g u m e n t 
as i t s e e s t h e c o u n t r y b e n e f i t t i n g e c o n o m i c a l l y f r o m a 
change t o w a r d s c a p a b i l i t y i n e d u c a t i o n . When compared 
w i t h Key I s s u e No 4. o f t h e S c h o o l T e c h n o l o g y Forum, 
t h i s i s a f i r m e r s t a n c e . What i s m i s s i n g i s t h a t 
r e c o g n i t i o n , seen by t h e Forum, o f a c t u a l d e v e l o p m e n t s 
and t r e n d s a l r e a d y u n d e r t a k e n . 
As has a l r e a d y been d e s c r i b e d , t h e e d u c a t i o n s y s t e m h a s 
a l w a y s had w i t h i n i t t h e f a c i l i t i e s f o r f o s t e r i n g 
c o m p e t e n c e , c r e a t i v i t y , c o p i n g and c o - o p e r a t i o n , and 
p u p i l s h a v e f o l l o w e d c o u r s e s i n s e c o n d a r y s c h o o l s 
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l e a d i n g t o e x t e r n a l e x a m i n a t i o n s f o r many y e a r s . Why 
t h e n d i d t h e R n y a l S o c i e t y o f A r t s s e e ai need t o 
e s t a b l i s h s u c h 'new' c o u r s e s i f t h e y were a l r e a d y i n 
e x i s t e n c e ? F u r t h e r m o r e , i f ' l e a d i n g f i g u r e s i n 
i n d u s t r y , t h e p r o f e s s i o n s and e d u c a t i o n * ( 3 ) w e r e 
prepared t o append t h e i r s i g n a t u r e s , c o u l d i t be t h a t 
t h e y w e r e u n a w a r e of t h e s o r k done i n s e c o n d a r y 
s c h o o l s ? And i f t h e y t j e r e , m i g h t t h i s n o t be y e t 
a n o t h e r e r r o n e o u s a c t i o n i n t h e comedy? 
Each s i g n a t o r y was a s s o c i a t e d w i t h t h e name o f an 
o r g a n i s a t i o n w i t h w h i c h he o r she had b e e n , o r Mas 
c u r r e n t l y , a s s o c i a t e d . The l i s t ended w i t h a n o t e s 'The 
s i g n a t o r i e s w e r e a s k e d t o s u p p o r t t h e m a n i f e s t o as 
i n d i v i d u a l s and n o t on b e h a l f o f any p a r t i c u l a r 
o r g a n i s a t i o n . 
T h a t b e i n g t h e c a s e , and a s s u m i n g t h a t t h e l i s t i s 
c o m p l e t e and has n o t been e d i t e d , i t s c o m p o s i t i o n m i g h t 
i l l u m i n a t e t h e a r e a s o f i n t e r e s t and may r e f l e c t t h e 
s t r e n g t h o f f e e l i n g t h e r e i n . No f i r m c o n c l u s i o n s s h o u l d 
be drawn e x c e p t t o r e c o r d t h a t t h e p u b l i c a t i o n o f t h e 
m a n i f e s t o e l i c i t e d t h e r e s u l t i n g p a t t e r n o f r e s p o n s e . 
The s i g n a t u r e s w e re p u b l i s h e d i n a s s o c i a t o n w i t h a 
b r i e f d e s c r i p t i o n o f o c c u p a t i o n . The f o l l o w i n g i s an 
a n a l y s i s based upon b r o a d o c c u p a t i o n a l c a t e g o r i e s . 
(Where i t was n o t o b v i o u s as t o w h i c h c a t e g o r y t h e 
d e s c r i p t i o n b e l o n g e d , i t was r e g a r d e d as u n c e r t a i n . ) 
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EMumb e r o-f s i g n a t o r i e s . 
E d u c a t i o n a l b o d i e s B9 
M a n u f a c t u r i n g i n d u s t r y 46 
Coiiiraerce 36 
Government l i n k s 23 
- i - ! <~- -'- • - *t 
i i f ; - H r >..: i -'- - i . 
R o y a l S o c i e t y o-f A r t s 7 
T e a c h e r s a s s o c i a t i o n s 2 
C o n s e r v a t i v e p o l i t i c i a n s 6 
Media 5 
U n i o n s 2 
H o s p i t a l s 2 
L a b o u r p o l i t i c i a n s 2 
L i b e r a l p o l i t i c i a n s 2 
C h a r i t y 1 
R e l i g i o n i 
U n c e r t a i n 21 
T o t a l 267 
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I n November I9B5 1 a s k e d ( f j ) a random s e l e c t i o n o f 
s i g n a t o r i e s -for t h e i r v i e w s upon t h e need -for t h i s new 
i n i t i a t i v e , i n t h e l i g h t o f t h e change i n e m p h a s i s 
' v v t i i c h had occur rod back i n 1967 w i t h t h e f o u n d a t i o n o f 
S c h o o l t i C o u n c i l P r o j e c t Technology» 
The Fit Rev D a v i d S h e p p a r d , B i s h o p o f L i v e r p o o l , p o i n t e d 
o u t t h a t '„.it i s i n t h e n a t u r e o f t h i n g s t h a t t h i n g s 
i n t h i s w o r l d go w r o n g r a t h e r t h a n r i g h t ? " < 6 ) He had 
been V i c e C h a i r m a n o f t h e Commission w h i c h had r e c e n t l y 
p u b l i s h e d t h e r e p o r t ' F a i t h i n t h e C i t y ' , and he 
c o n t i n u e d , 'Many p o i n t s i n t h e R e p o r t . = . . h a v e been made 
b e f o r e i n t h e c o u r s e o f t h e l a s t one h u n d r e d y e a r s and 
mores we h a v e t o s a y them a g a i n and a g a i n i n r e l a t i o n 
t o p r e s e n t — d a y c i r c u m s t a n c e s b e c a u s e p e o p l e do n o t 
l i s t e n o r d o n ' t want t o l i s t e n o r f a i l t o g i v e thera o u r 
p r i o r i t y , , o r g e n u i n e l y d i s a g r e e . ' (6> A r e a l i s a t i o n 
w h i c h i n i t s e l f i s n o t new, f o r M a c h i a v e l 1 i w r o t e i n 
1513, 'There i s n o t h i n g more d i f f i c u l t t o c a r r y o u t , 
n o r more d o u b t f u l o f s u c c e s s , n o r more d a n g e r o u s t o 
h a n d l e , t h a n t o i n i t i a t e a new o r d e r o f t h i n g s . For t h e 
r e f o r m e r h a s e n e m i e s i n a l l who p r o f i t by t h e o l d 
o r d e r , and o n l y l u k e w a r m d e f e n d e r s i n a l l t h o s e who 
w o u l d p r o f i t by t h e new o r d e r . T h i s l u k e w a r m n e s s a r i s e s 
p a r t l y f r o m t h e i n c r e d u l i t y o f m a n k i n d who do n o t t r u l y 
b e l i e v e i n a n y t h i n g new u n t i l t h e y h a v e had a c t u a l 
e x p e r i e n c e o f i t . 
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However S i r Henry C h i l v e r , Chairman of B r i t i s h S c h o o l s 
Technology, took a s i g n i f i c a n t l y d i f f e r e n t view. 'Such 
profound changes i n n a t i o n a l and i n t e r n a t i o n a l 
c i r c u m s t a n c e s have o c c u r r e d s i n c e 1967 t h a t t h e 
p r e s e n c e of c u r r e n t e d u c a t i o n a l i n i t i a t i v e s does not of 
i t s e l f i m p l y an i n a d e q u a c y i n t h o s e of an e a r l i e r age. 
As r e c e n t l y a s June 1974, f o r example, uneniployment 
s t o o d a t 2.1% of t h e w o rking p o p u l a t i o n . ' < 7 ) 
Without q u i b b l i n g - o v e r t h e - m e a n i n g f u l n e s s o f ^ c o m p a r i n g — 
t h e numbers of unemployed w i t h t h o s e employed a s 
opposed t o any o t h e r d e s c r i p t i o n of t h e s t a t e of t h e 
n a t i o n , i t h a s t o be a c c e p t e d t h a t profound c h a n g e s had 
i n d eed o c c u r r e d . The r a p i d , and e x t e n s i v e r i s e i n t h e 
p r i c e of c r u d e o i l i n t h e y e a r s f a l l o w i n g 1975 a f f e c t e d 
a s i g n i f i c a n t p a r t o-f p r o d u c t i o n , t h e c o s t of t h e 
e nergy i t used. The f i r s t , s e c o n d and s u b s e q u e n t o r d e r 
e f f e c t s of t h i s a r e s t i l l w i t h u s , and t h e s t r a t e g i e s 
adopted t o s e e k a r e t u r n t o a s t a b l e , a l t h o u g h 
d i f f e r e n t , n a t i o n a l l i f e s t y l e i n c l u d e c hanges i n t h e 
way c h i l d r e n a r e p r e p a r e d f o r a d u l t h o o d . C h i l v e r i s 
a c c e p t i n g t h i s , but he a l s o b e l i e v e s t h a t what went 
b e f o r e was not w a s t e d , i t was j u s t t h e b e g i n n i n g s t o 
have s u c c e s s a t a l l t h e r e needs t o be a b e g i n n i n g , both 
Sheppard and M a c h i a v e l l i have t o a c c e p t t h a t ! J.H. 
H o r l o c k , V i c e - C h a n c e l l o r of t h e Open U n i v e r s i t y , a g r e e d 
t h a t t h e i n i t i a t i v e of t h e R oyal S o c i e t y of A r t s was 
not a new theme and c o n t i n u e d '..but I am s u r e t h a t you 
w i l l a g r e e t h a t any movement towar d s a t h i r d c u l t u r e i n 
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t h i s c o u n t r y ( l i f c o t h e Gnrman SECHWIC i n a d d i t i o n t o 
a r t s and science's) i s t o be wslcoasod«, ' (S> 
Thn ve«c?d q u e s t i o n , as we have a l r e a d y s e e n , i s t h o 
c o n t e n t , o f t h a t w h i c h euwes n e s t and t o t h i s s u b j e c t 
R o b e r t A i t ( < e n y D i r e c t o r o-f E d u c a t i o n -for t h e C i t y o f 
C o v e n t r y s made a b r i e f r e f e r e n c F j o S-5H r e f e r r e d t o sosrse-
new i n i t i a t i v e s and o f t h e m he w r o t e , ' U n d e r l y i n g a l 1 
o f t h e s e i s a f u n d a m e n t a l c hange i n t h e 
t e a c h i n g / l e a r n i n g p r o c e s s , r a t h e r t h a n c o n t e n t . ' ( 9 ) 
As i f t o s u p p o r t t h i s v i e w , when r e s p o n d i n g t o t h e 
q u e s t i o n o f p r o v i d i n g e q u i p m e n t w h i c h w o u l d a l l o w 
h ands-on l e a r n i n g , J a n e t J o n e s w r o t e , 'Our p a r t i c u l a r 
s t r e s s i s upon p r o c e s s , t h e way i n w h i c h s t u d e n t s 
l e a r n , n o t on t h e h a r d w a r e t h a t may f a c i l i t a t e t h a t 
l e a r n i n g b u t does n o t n e c e s s a r i l y a c c o r d i n g t o t h e 
hands o f t h e t e a c h e r i n w h i c h i t r e s t s . ' ( 1 0 ) L o r d 
Beaumont a c c e p t e d t h a t s u c c e s s f o l l o w i n g a c o u r s e 
d e v e l o p e d w h e r e i n h ands—on l e a r n i n g was n o t n e e d e d , 
w o u l d be r e c o g n i s e d and i t w o u l d be r e c o g n i s e d "by t h e 
emergence o f p u p i l s c o m p e t e n t i n t h o u g h t and a c t i o n 
a n x i o u s t o make e x p e r i m e n t s and a c c e p t 
r e s p o n s i b i l i t y . ' ( 1 1 ) He c o n t i n u e d , 'Such p u p i l s w o u l d 
be p r o m p t l y r e g a r d e d as u n e m p l o y a b l e by B r i t i s h 
i n d u s t r y b u t enough o f them m i g h t s u c c e e d t o c a u s e a 
r e v o l u t i o n i n o u r s o c i e t y . I n any c a s e , s u c c e s s f u l o r 
n o t , t h e y w o u l d be more w h o l e p e o p l e . ' ( 1 1 ) 
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I t . i s p t r r h s p s ffscro t h a n f o r t u n a t e ' f a r t h o s e s c h o o l s who 
e n t e r e d t h o T e c h n i c a l . v V o c a t i o n a l a n d E d u c a t i o n a l 
I n i t i a t i v e (TVEXJ w h i c h was i n t r o d u c e d i n 1982, t h a t 
t h t j D&par t.jHDnt n f L'japlnyraRnt. d i d n o t p 3. aces a s i m i l a r 
I e v a l >-:f i t a n a o i»pcn r e s o u r c i n g . , A. KlcLol 1 ar: i: 
r'w-plyiisg t n me? an b e h a l f o f L n r r i Young- — t h e n S e c r e t a r y 
o f S t a t u f o r Employment. '• w r o t e o f TV'EI „ '.„ a p i l o t 
scheme t o w i d n n a n d e n r i c h t h e c u r r i c u l u m f o r 1 4 — I B 
y e a r o l d s has done much t o b r i n g s c h o o l s , c o l l e g e s and 
e m p l o y a r s c I o s t > r t a g art h e r t o p r o d u c n snore r e l e v a n t 
c u r r i c u l a , and a t t h e Baiae t i m e h a s e n a b l e d s c h o o l s and 
c o l l e g e s t o i n v e s t i n new e q u i p m e n t and i n — s e r v i c e 
t r a i n i n g f o r t e a c h e r s . ' ( 1 2 ) A l t h o u g h t h e f i n a l 
p a r a g r a p h seews t o c o n t a i n a t y p i n g e r r o r , t h e r e i s 
s u f f i c i e n t e v i d e n c e t o c o n c l u d e t h a t what he means by a 
'more r e l e v a n t c u r r i c u l a ' i s one w h i c h i s 'more 
r e s p o n s i v e t o e m p l o y e r s ' n e e d s ' . ( 1 2 ) 
The RSA's R e c o g n i t i o n Scheme s t a r t e d i n 1980 w i t h t h e 
r e c o g n i t i o n o f 15 schemes. I n t h e f o l l o w i n g y e a r 11 
were a d d e d , and by 1982 t h e r e wore a n o t h e r i 7 . 1983 saw 
I I more, f o l l o w e d by 17 i n 1934, and i n 1985 a f u r t h e r 
9 w e re a c c e p t e d . The p r o j e c t s w e r e w i d e - r a n g i n g , f r o m 
t h e 'We Make....' p r o j e c t a t F o r s b r o o k I n f a n t s s c h o o l , 
S t o k e - o n — T r e n t t o t h e M=Sc Degree c o u r s e i n 
E n v i r o n m e n t a l R e s o u r c e s a t S a l f o r d U n i v e r s i t y . From t h e 
John Makepisce S c h o o l o f C r a f t s m e n i n Wood, Parnham i n 
D o r s e t t o The London Computer and E l e c t r o n i c S c h o o l o f 
t h e B r i t i s h Oxygen G r o u p , and f r o m F o r e s t S c h o o l camps 
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t o t h e work of Workshop 6 L i m i t e d i n S h e f f i e l d . 
P e r h a p s t h e R e c o g n i t i o n scheme was born out of t h e same 
p h i l o s o p h y which t h e S c h o o l s Technology Forum saw a s 
Key I s s u e 3. However i t does not seek t o c o n c e n t r a t e 
upon s c h o o l s . 
I f i t had, i t ought t o have r e c o g n i s e d t h e a s s o c i a t e d 
problem of t h e d i s s e m i n a t i o n of i n f o r m a t i o n . Without an 
e f f i c i e n t s y s t e m t h e r e wi-1-1 be -no e x p l o s i o n of i d e a s 
and no independant r e c o g n i t i o n of s u c c e s s . 
D u r i n g 1984 t h e RSA announced t h a t 19B6 would be c a l l e d 
' I n d u s t r y Y e a r * , and t h a t i t , t h e RSA, would be 
r e s p o n s i b l e f o r i t s promotion. 
1. F i n n e s t o n . e t . a l . ' E n g i n e e r i n g Our F u t u r e ' . R e p o r t 
of t h e Committee of I n q u i r y i n t o t h e F u t u r e of t h e 
E n g i n e e r i n g P r o f e s s i o n . ( F i n n e s t o n R e p o r t ) H.M.S.O. 
Ja n u a r y 1980. 
2. ' C h i p s i n C o n t r o l ' . C o n f e r e n c e r e p o r t . S c h o o l 
Technology Forum. T r e n t P o l y t e c h n i c . March 1980. 
3. ' E d u c a t i o n f o r C a p a b i l i t y ' . Royal S o c i e t y of A r t s . 
S p r i n g 1984. 
4. ' E d u c a t i o n f o r C a p a b i l i t y ' . R e c o g n i t i o n Scheme. 
Royal S o c i e t y of A r t s . 1986. 
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5= C=M*L* F r a n c e * 16-11-85= L e t t e r t o 35 o f t h e 
E d u c a t i o n -for C a p a b i l i t y s i g n a t o r i e s * (13 r e p l i e s - > 
( A p p e n d i x 2) 
6 = Rt„ Rev„D= Sheppardo B i s h o p o-f L i v e r p o o l * L e t t e r t o 
t h e a u t h o r . 13-12-85* ( A p p e n d i x 2) 
7* S i r H* C h i l v e r * C h a i r m a n * B r i t i s h S c h o o l s 
T e c h n o l o g y , L e t t e r t o t h e a u t h o r * 9—12—85 ( A p p e n d i x 2) 
8* J*H* H o r l o c k * V i c e C h a n c e l l o r OPen U n i v e r s i t y * 
L e t t e r t o t h e a u t h o r * 21-11-85* 
9* R o b e r t A i t k e n . D i r e c t o r o-f E d u c a t i o n , C i t y o f 
C o v e n t r y * L e t t e r t o t h e a u t h o r = 22—11—85= ( A p p e n d i x 2) 
l y . J a n e t J o n e s , E d u c a t i o n A d v i s e r t o I n d u s t r y Year* 
R o y a l S o c i e t y o f A r t s * L e t t e r t o t h e a u t h o r * 16-12-85= 
( A p p e n d i x 2) 
11= L o r d Beaumont o-f f f J h i t l e y * L i b e r a l E d u c a t i o n 
spokesman* The House o-f L o r d s * L e t t e r t o t h e a u t h o r * 
21-11-85= ( A p p e n d i x 2) 
12* A = M c L e l l a n . Manpower P o l i c y = D e p a r t m e n t o-f 
Employment* L e t t e r t o t h e a u t h o r * 23—12-85* ( A p p e n d i x 
2) 
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8. ARE WE ALL MET?(1) 
'The N a t i o n a l C e n t r e f o r S c h o o l T e c h n o l o g y and t h e 
T e c h n o l o g y u n i t , B e d f o r d s h i r e LEA h a v s r e c e n t l y been 
awarded a g r a n t by t h e I n d u s t r y / E d u c a t i o n U n i t , 
D e p a r t m e n t o f I n d u s t r y , t o e n a b l e a programme o f 
i n - s e r v i c e e d u c a t i o n f o r t e a c h e r s t o be u n d e r t a k e n f o r 
LEA's i n t h e f i e l d o f '0' and 'fits' c o u r s e s i n 
T e c h n o l o g y ' = ( ? ) T h i s l e t t e r f r o m S h i l l i t o , t h e n e w l y 
a p p o i n t e d D i r e c t o r o f B r i t i s h S c h o o l T e c h n o l o g y <BST), 
war; d i r e c t e d t o L E f V s a s k i n g them t o s i g n i f y t h e i r 
i n t e r e s t i n r e l e a s i n g a s c i e n c e and a CDT t e a c h e r f r o m 
each o f a g r o u p o f s c h o o l s , t o a t t e n d f o u r , one week 
t r a i n i n g s e s s i o n s . 
The l a t t e r , r e c i e v e d b y Durham's D i r e c t o r o f E d u c a t i o n , 
t h e n DJW SoweXl, r e s u l t e d i n a one day c o n f e r e n c e on 
19=10=83= a t Durham New C o l l e g e where K. Grimshaw, t h e n 
D e p u t y D i r e c t o r o f E d u c a t i o n welcomed t h e d e l e g a t e s , 
and s a i d , 'Me f e e l p r i v i l e g e d t o be one o f a l i m i t e d 
number o f a u t h o r i t i e s t o be i n v o l v e d i n t h i s p a r t i c u l a r 
p r o j e c t and o u r commitment i s total„ ' ( 3 ) He r e m a r k e d 
upon t h e f e w number o f women who were p r e s e n t and upon 
t h e e f f o r t s t h e a u t h o r i t y had a l r e a d y made ' t o 
s t i m u l a t e t h e use o f m i c r o c o m p u t e r s and 
m i c r o e l e c t r o n i c s i n o u r s c h o o l s and t o i n c r e a s e 
u n d e r s t a n d i n g and a w a r e n e s s o f new t e c h n o l o g y . ' ( 3 ) 
A BST p r e s s r e l e a s e e x p l a i n e d t h a t , ' F o ur, f o r t y f o o t 
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t r a i l e r s = = = .» - f u l l y equipped = . = •.„ a r e t h e major 
p i e c e s of hardware . . = ' ( 4 ) 
The t r a i l e r s were s e l f c o n t a i n e d t e c h n o l o g y 
environments., I t would be wrong t o c a l l them c l a s s r o o m s 
or workshops, and l a b o r a t o r y seems t o i m p l y e x p e r i m e n t 
which i s not what t h e t e a c h e r s do. E a c h week h a s 
e l e m e n t s of knowledge i n p u t which r e q u i r e p r a c t i c a l 
i n v o l v e m e n t w i t h , o f t e n , u n f a m i l i a r equipment. The work 
i s d e s i g n e d t o be ' P r o j e c t D r i v e n ' , and t h e e m p h a s i s 
moves from a wide, t u t o r c o n t r o l l e d e x p e r i e n c e t o w a r d s 
t h e l a s t week's e x p e r i e n c e where t h e s o l u t i o n t o a 
t u t o r s e t d e s i g n b r i e f can be approached by any 
c o m b i n a t i o n of method and m a t e r i a l s a v a i l a b l e . 
BST d e s c r i b e , b r i e f l y , t h e c o u r s e a s — 
' A c t i v e l e a r n i n g i n School Technology. 
Wkl. U s i n g problems t o l e a r n . 
Wk2 = Problem d e s i g n and approach i n v e s t i g a t i o n s . , 
Wk3. C o u r s e d e s i g n i n v o l v i n g c o n t r o l s y s t e m s . 
Wk4. P r o j e c t management, E v a l u a t i o n and A s s e s s m e n t . ( 5 ) 
Over t h e f i r s t t h r e e weeks, t h e t e a c h e r s e x p e r i e n c e 
m o d e l l i n g , s o l d e r i n g d e d i c a t e d e l e c t r o n i c c i r c u i t s , 
e l e c t r o n i c s s y s t e m s k i t s , mechanisms k i t s , p n e u m a t i c s , 
computer c o n t r o l and r o l e - p l a y i n g . T h e s e a r e t h e o v e r t 
e x p e r i e n c e s e a s i l y i d e n t i f i e d b e c a u s e of t h e hardware 
t h e y u s e . 
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From a n o t h e r p o i n t of v i e w , t h e y have t o cope w i t h 
working !s?ith e a c h - o t h e r . C o l l e a g u e s , but w i t h d i f f e r e n t 
b ackgrounds, s k i l l s and knowledge. They h a n d l e 
m a t e r i a l s i n ways which a r e n o v e l - They a r e exposed t o 
t h e c o n c e p t o-f m o d e l l i n g both i n t h e p h y s i c a l , and t o a 
l e s s e r e x t e n t , m a t h e m a t i c a l c o n t e x t s . T h e r e i s t h e 
o p p o r t u n i t y t o s e e d i f f e r e n t a p p r o a c h e s and r e s u l t s t o 
t h e same r e a l problem even though t h e r e s o u r c e s were 
identical„^There -~is t R a o p p o r t u n i t y to~work on t h e same-
problem but w i t h d i f f e r e n t equipment, i e . p n e u m a t i c s / 
e l e c t r o n i c s / computer, e a c h p r o v i d i n g a d i f f e r e n t 
means of a r r i v i n g a t a s a t i s f a c t o r y , a l t h o u g h 
d i f f e r e n t l y o p e r a t i n g , s o l u t i o n . The t u t o r s a r e 
' e x p e r t s i n C o n t r o l Technology, Modular C o u r s e s i n 
Technology „ . „ „ . and t h e new 'A' l e v e l i n Technology 
' (2) 
When County Durham embarked upon t h i s r o l l i n g 
programme, t h e r e were 50 Comprehensive s c h o o l s , 
c u r r e n t l y t h e r e a r e 48= I n t h e f i r s t group t h e r e were 8 
s c h o o l s r e p r e s e n t e d , t h e s e c o n d group had 7 s c h o o l s , 
t h e t h i r d 8, and t h e c u r r e n t f o u r t h group, h a s 8= 
BBT a l s o o f f e r s 6> week r e s i d e n t i a l c o u r s e s f o r ' F u r t h e r 
e x p e r i e n c e i n t e a c h i n g a p p r o a c h e s , c u r r i c u l u m d e s i g n , 
management s k i l l s and t e c h n o l o g i c a l knowledge i n 
p r e p a r a t o n f o r INSET management r e s p o n s i b i l i t i e s w i t h i n 
LEA's and I n s t i t u t i o n s of H i g h e r E d u c a t i o n ( P r e v i o u s 
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e x p e r i e n c e i n S c h o o l T e c h n o l o g y e s s e n t i a l ) ' . < 5 > Durham 
has niade i t p a s s i b l e -for t w o t e a c h e r s and a l e c t u r e r 
•from t h e U n i v e r s i t y S c h o o l o-f E d u c a t i o n t o a t t e n d . 
BST use c o m p u t e r s y s t e m s as ' B l a c k Box' t e c h n o l o g y -
T h a t i s t o s a y t h a t t h e c o m p u t e r s y s t e m i s use d b e c a u s e 
t h e u t i l i s e r knows w h a t i t w i l l do — t h e r e i s no 
r e q u i r e m e n t t o u n d e r s t a n d how i t does i t - C o n s e q u e n t l y 
t h e d e s i g n e r can c o n c e n t r a t e on t h e p r o d u c t r a t h e r t h a n 
a p r o d u c t a l r e a d y on t h e m a r k e t - The same a p p r o a c h i s 
t a k e n t o p n e u m a t i c s a s i t i s t o any o t h e r s y s t e m t h e 
t e a c h e r s e x p e r i e n c e - T h e r e i s no r e q u i r e m e n t -for them 
t o u n d e r s t a n d how t h e s o l d e r i n g i r o n , t h e power s u p p l y , 
t h e o s c i l l o s c o p e , t r a n s i s t o r o r o p e r a t i o n a l a m p l i f i e r 
work. However, w i t h most e q u i p m e n t t h e g r e a t e r t h e u s e 
t h e more t h e u s e r l e a r n s a b o u t i t , and t h i s 'need t o 
know', o r ' e x p o s u r e o f k n o w l e d g e gap' becomes a n a t u r a l 
e v e n t , l e a r n e r d r i v e n and m e a n i n g f u l . 
The BST / Durham a p p r o a c h may, o r may n o t be 
u n i v e r s a l l y a c c e p t e d as t h e b e s t IMSET s t r a t e g y , i n any 
case o n l y t h e f u t u r e w i l l be a b l e t o j u d g e p r o p e r l y -
W h a t e v e r t h e a p p r o a c h , t h e r e must come t h e t i m e when 
t h e t e a c h e r s r e t u r n t o t h e c l a s s r o o m t o p u t t h e i r n e w l y 
a q u i r e d s k i l l s i n t o p r a c t i c e - T h e r e h a s been l i t t l e 
d i f f i c u l t y i n m o t i v a t i n g t h e p u p i l s i n t h e Durham 
i n i t i a t i v e b e c a u s e each s c h o o l had t o u n d e r t a k e t o 
o f f e r a p u b l i c e x a m i n a t i o n g r o u p a f t e r t h e IWSET 
c o u r s e - The i n i t i a l p r o v i s i o n by t h e LEA o f a t e a c h i n g 
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p a c k a g e a m o u n t i n g t o a p p r o K i m a t e l y £2000 p e r s c h o o l , 
h e l p e d t o ' s e l l ' t h e c o u r s e t o t h e p u p i l s and p a r e n t s 
and t h e t e a c h e r s w e re a b l e t o p r o v i d e t h e i r p u p i l s w i t h 
a scheme o f work w h i c h w o u l d s a t i s f y t h e f i r s t f o u r 
t e r m s o f t h e f i v e t e r m course,, (Most o f t h e f i f t h y e a r 
w o u l d be s p e n t by t h e p u p i l d e s i g n i n g h i s / h e r own 
s o l u t i o n t o a d e s i g n b r i e f f o r s u b m i s s i o n t o t h e 
e x a m i n e r . ) However t a k e - u p o f t h e new o p t i o n by p u p i l s 
i n s u b s e q u e n t y e a r s w o u l d be a f f e c t e d , p o s s i b l y m a i n l y , 
by t h e e x p e r i e n c e s o-f t h e s e u p p e r s c h o o l p u p i l s , and 
s c h o o l s w o u l d no d o u b t need t o l o o k c a r e f u l l y a t t h e i r 
l o w e r s c h o o l c u r r i c u l u m s o t h a t a l l p u p i l s w o u l d be 
p r e p a r e d t o make a more sound j u d g e m e n t when f a c e d w i t h 
u p p e r s c h o o l c h o i c e a t age 13+. 
How can a s t r a t e g y be d e s i g n e d t o i n t r o d u c e t e c h n o l o g y 
t o l o w e r s c h o o l p u p i l s s o t h a t i t c h a l l e n g e s b o t h s e x e s 
i n an i n t e r e s t i n g way and i s r e l e v a n t t o t e c h n o l o g y 
b o t h i n t h e u p p e r s c h o o l and i n l a t e r l i f e ? 
The p o i n t a b o u t l a t e r l i f e i s n o t t o be m i s s e d . I t i s 
s e l f e v i d e n t t h a t f o r t h o s e p u p i l s who w i l l w i s h t o 
c o n t i n u e w i t h an i n - d e p t h t e c h n o l o g i c a l e x p e r i e n c e , 
t h e i r e a r l y w ork s h o u l d be r e l e v a n t . What m i g h t e a s i l y 
be o v e r l o o k e d i s t h e b r o a d e r e d u c a t i o n a l a i m o f 
p r o v i d i n g t e c h n o l o g i c a l a w a r e n e s s f o r a l l . The 
s y n t h e s i s o f t h e s e t w o i s an u n d e r s t a n d i n g o f what 
c h i l d r e n f i n d r e l e v a n t . 
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I n h i s p a p e r p u b l i s h e d i n 1986, Pace (&> c o n s i d e r s t h e 
p r o b l e m s t h e E n g i n e e r i n g p r o f e s s i o n has i n r e c r u i t i n g , 
and h i s a r g u m e n t i s b r o a d enouqh t o c o n s i d e r a t t i t u d e s 
i n g e n e r a l , and n o t j u s t o f t h o s e who, one m i g h t s a y , 
s h o u l d be e n g i n e e r s * 'The d e c l i n i n g p o p u l a r i t y o-f 
m e c h a n i c a l e n g i n e e r i n g H i t h s u i t a b l y q u a l i f i e d s c h o o l 
l e a v e r s i s b e g i n n i n g t o c a u s e a l a r m Mi t h i n t h e 
p r o f e s s i o n * An i n c r e a s i n g p r o p o r t i o n o f a b l e y oung 
p e o p l e , w i t h car^sr a m b i t i o n s i n e n g i n e e r i n g i n d u s t r y 
a r e o p t i n g f o r e l e c t r i c a l / e l e c t r o n i c s c a u r s e s . T h i s 
t r e n d i<^ h n g i n n i n g t o m a n i f e s t i t s e l f as a s h o r t a g e o f 
good m e c h a n i c a l e n g i n e e r i n g g r a d u a t e s , w h i c h c o u l d 
s e r i o u s l y i n h i b i t t h e p r o s p e c t s f o r an e c o n o m i c 
r e s u r g e n c e o f t h e UK m a n u f a c t u r i n g i n d u s t r y * ( 6 ) 
He a s s e r t s t h a t t h e m e d i a p o r t r a y a l o f a d e c l i n e i n 
m e c h a n i c a l e n g i n e e r i n g as an i n d u s t r y , i s a p o p u l a r 
b e l i e f and he c o n t r a d i c t s t h i s t h e o r y o f d e c l i n e , 
w h i l s t a c c e p t i n g t h e e f f e c t t h e p o r t r a y a l i s h a v i n g * As 
a way o f c o m b a t t i n g t h i s i n a c c u r a c y he i d e n t i f i e s t h e 
o p p o r t u n i t y w h i c h - ' i s b e i n g o v e r l o o k e d t o p r o m o t e i n 
t h e s c h o o l s t h o s e d i s t i n c t i v e q u a l i t i e s r e q u i r e d o f 
p r o f e s s i o n a l m e c h a n i c a l e n g i n e e r s as an e s s e n t i a l 
i n g r e d i e n t o f modern c u r r i c u l u m d e v e l o p m e n t * ' ( 6 ) 
He i n t r o d u c e s C r a f t D e s i g n and T e c h n o l o g y as a s u b j e c t 
r e l e v a n t f o r p r o s p e c t i v e e n g i n e e r s , as w e l l as b e i n g 
v a l u a b l e f o r t h e p r e p a r a t i o n o f b o y s and g i r l s f o r 
t h e i r i n c r e a s i n g l y t e c h n o l o g i c a l s o c i e t y * He m a i n t a i n s 
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t h a t a s t h e demand f o r e l e c t r i c a l e n g i n e e r s h as r i s e n , 
t h e r e has been a p a r a l l e l , t h o u g h n o t on t h e same 
s c a l e , o p p o r t u n i t y f o r m e c h a n i c a l g r a d u a t e s . To s e r v i c e 
t h i s need he c o n s i d e r s t h a t - 'A s i m p l e e x p e d i e n t w o u l d 
seem t o be t o s e c u r e t h e i n v o l v e m e n t o f more g i r l s , b u t 
d e s p i t e o r c h e s t r a t e d c a m p a i g n s and r i s i n g s t a t u s , t h e 
r e l u c t a n c e o f women t o become e n g i n e e r s becomes 
p r o f o u n d *„ (6) 
He shows t h a t t h e demand f o r a r t - b a s e d d e s i g n c o u r s e s 
a t u n i v e r s i t i e s i s p r e d o m i n a n t l y -from women and 
c o n t i n u e s t o grow. ' I t i s h e l p e d by t h e h i g h s t a t u s o f 
a r t as an 'A' l e v e l s u b j e c t and by t h e a r t — b a s e d , 
d e s i g n i n g and m a k i n g a c t i v i t i e s o f p r o d u c t s t h a t a p p e a l 
t o g i r l s , w i t h i n t h e e x p a n d i n g CDT s p e c t r u m . ' ( 6 > T h i s 
l a s t a s s e r t i o n he compares w i t h t h e p o p u l a r i t y o f 
e l e c t r o n i c s as a v o c a t i o n a l s u b j e c t i n s c h o o l s . H i s 
c o n c l u s i o n t h a t , ' t h e e x p e r i e n c e s i n a r t - b a s e d d e s i g n 
and e l e c t r o n i c s , w h i c h a r e s o v o c a t i o n a l l y s i g n i f i c a n t , 
must be p a r a l l e l e d b y m e c h a n i c a l a c t i v i t i e s i f t h e 
s c h o o l e n v i r o n m e n t i s t o w i e l d t h e p o s i t i v e i n f l u e n c e 
s o v i t a l i n s e c u r i n g t h e f u t u r e s u p p l y o f m e c h a n i c a l 
e n g i n e e r s ' ( 6 ) , i s s e l f e v i d e n t b u t m i s s e s t h e 
o p p o r t u n i t y t o p o i n t o u t t h a t a l a c k o f b o t h s t r u c t u r a l 
and m e c h a n i c a l c a p a b i l t y l e a v e s t h e p u p i l w i t h l i t t l e 
s e n s e o f p u r p o s e ! 
H i s u n d e r s t a n d i n g o f t h e needs o f s c h o o l c h i l d r e n i n 
r e s p e c t o f d e s i g n and m a k i n g i s n o t t o be d i s m i s s e d on 
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t h e b a s i s o f t h i s o m i s s i o n , f o r he more t h a n made up 
f o r i t when, l a t e r i n t h e same p a p e r he w r o t e , ' I f we 
a c c e p t d e s i g n as t h e i n t e l l e c t u a l c h a l l e n g e t h a t can 
s t i m u l a t e t h e i n t e r e s t s o f s c h o o l c h i l d r e n t o w a r d s 
m e c h a n i c a l e n g i n e e r i n g , t h e n i t i s t h e c a p a b i l i t i e s 
t h a t s u p p o r t t h e a c t i v i t y t h a t s h o u l d be d e v e l o p e d 
a b ove a l l . I t i s n o t s u f f i c i e n t t o i m p a r t u n d e r s t a n d i n g 
as an end i n i t s e l f , e v en i f t h a t i s r e l a t e d t o s u c h 
w o n d e r s as t h e gas t u r b i n e , t h e Thames B a r r i e r o r even 
t h e a t o m i c bomb. More i m p o r t a n t i s t h e c a p a b i l i t y t o 
a p p l y f u n d a m e n t a l p r i n c i p l e s t o a c h i e v e s o l u t i o n s t o 
p r a c t i c a l p r o b l e m s t h a t a r e a r e c o g n i s a b l e f e a t u r e o f 
t h e p u p i l ' s own w o r l d . ' ( 6 ) T h i s i s h i g h l y s i g n i f i c a n t , 
f o r when t h e c o n t e x t o f h i s p a p e r i s s t r i p p e d away — 
t h e r e c r u i t m e n t p r o b l e m i n m e c h a n i c a l e n g i n e e r i n g — t h e 
u n d e r l y i n g p r i n c i p l e , t h a t c h i l d r e n need t o l e a r n 
t h r o u g h e x p e r i e n c e s w h i c h a r e r e l e v a n t t o t h e m s e l v e s , 
s t a n d s l i k e a s t a t u e t o A u s u b e l . ' I f I had t o r e d u c e 
a l l o f e d u c a t i o n a l p s y c h o l o g y t o j u s t one p r i n c i p l e I 
w o u l d s a y t h i s s t h e most i m p o r t a n t s i n g l e f a c t o r 
i n f l u e n c i n g l e a r n i n g i s w h a t t h e l e a r n e r a l r e a d y knows. 
A s c e r t a i n t h i s and t e a c h a c c o r d i n g l y . ' ( 8 ) 
T h e r e a r e t h r e e i m p o r t a n t p o i n t s w h i c h need t o be 
c o n s i d e r e d b e f o r e e m b a r k i n g upon t h e c o n c e p t i o n o f a 
new e d u c a t i o n a l programme. 
a) T h e r e i s a commonly h e l d b e l i e f t h a t any c o u r s e o f 
s t u d y seen t o be i n t e r e s t i n g b y p u p i l s , i s l i k e l y t o 
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r e s u l t i n h i g h e r m o t i v a t i o n and t h a t a h i g h m o t i v a t i o n 
i s a p r e r e q u i s i t e t o t i f f i r i e n t . l e a r n i n g ^ I f i t . i s 
a c c e p t e d t h a t s o m e t h i n g d i f f e r e n t i s needed i n the? f o r m 
o f a r i v e r upon w h i c h nc?w r a f t s c a r r y i n g t h e 
e d u c a t i o n a l c a r g o c an be d e l i v e r e d , i t M o uld seem 
n e c e s s a r y t o l o o k e l s e w h e r e f o r i d e a s . What t h e n , 
i n t e r e s t s c h i l d r e n o u t B i d e s c h o o l ? 
h> G i v e n t h a t t h e r e i s a f u t u r e f o r t h e s c h o o l — b a s e d 
e x p e r i e n c e i n t e c h n o l o g i c a l a w a r e n e s s , how can INSET 
i n i t i a t i v e s l i k e BST and MEP b t i u s e d t o b u i l d upon t h e 
p o o l o f k n o w l e d g e a l r e a d y i n q u i r e d by c h i l d r e n b e f o r e 
t h e y r e a c h t h e s e c o n d a r y s c h o o l ? 
c ) Inhere w i l l t h e c a p a b i l i t y and k n o w l e d g e b a s e , 
i m p a r t e d d u r i n g an i n n o v a t i v e c o u r s e , l e a d t o ? 
THe f i r s t t w o q u e s t i o n s i m p i n g e one upon t h e o t h e r . The 
t h i r d I hope t o show w i l l b e n e f i t f r o m t h e i r 
c o n s i d e r a t i o n t h u s f o r m i n g t h e b a s i s f o r t h e n e x t 
c h a p t e r = 
A l t h o u g h e q u i p p e d w i t h some d e g r e e o f e x p e r i e n c e i n t h e 
u p p e r s c h o o l , w i t h o u t any e x p e c t a t i o n o f p u p i l 
e n t h u s i a s m t h e r e w i l l be l e s s i n c e n t i v e f o r t h e t e a c h e r 
t o became i n v o l v e d i n t h e a q u i s i t i o n o f d i f f e r e r e n t 
p e r s o n a l r e s o u r c e s f o r use i n d e v e l o p i n g l o w e r s c h o o l 
courses„ What, t h e q u e s t i o n p o s e s , i n t e r e s t s t h e s e 
c h i l d r e n ? 
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P u b l i s h e r s o f b o o k s i w a i n t a i n t h a t t h e r e h a s been a 
r e d u c t i o n i n t h e number o f b o o k s w h i c h c h i l d r e n r e a d 
•for p l e a s u r e and t h e r e a r e r e p e a t e d c a l l s -far a ejroafce-jr 
f u n d i nil, o f b o o k s f o r u s e i n s c h o o l s - I f t h e book 
f i u b l i s h e r s a r e t o be b e l i e v e d , , where e l s e do c h i l d r e n 
f i n d t h e w o r l d once p r o v i d e d by l i t e r a t u r e , o r must i t 
bo a c c e p t e d t h a t t h i s i s a r e d u n d a n t need? 
Even i f i t were t r u e t h a t c h i l d r e n i i u l u n g e r f e e l t h e 
need t o i n d u l g e i n R s c a p i s m , f a n t a s y and m-ake—bel i e v e , 
i s t h i s a s t a t e o f a f f a i r s w h i c h s h o u l d be c o n s i d e r e d 
a c c e p t a b l e ? The p r o g r e s s o f m a n — k i n d depends upon 
i n v e n t i v e n e s s and i n n o v a t i o n - Two w o r d s w h i c h a l l o w 
a d u l t s t o behave now as a p p a r e n t l y c h i l d r e n u s e d t o i n 
t h e p a s t - b e f o r e we w e r e t o l d t h a t t h e y had s t o p p e d 
r e a d i n g books- I t w o u l d be u n w i s e t o a c c e p t w i t h o u t 
d e m u r r , a w o r l d w h e r e i n t h o s e most r e c e p t i v e o f new 
i d e a s and w i t h o u t p r e j u d i c e s w e re n o t g i v e n t h e 
p r a c t i c a l e x p e r i e n c e and o p p o r t u n i t y t o e x e r c i s e a f r e e 
i snag i n a t i on -
The c h i l d r e n 1 t e a c h t e l l me t h a t t h e y w a t c h 
t e l e v i s i o n , p l a y c o m p u t e r games and l i s t e n t o pop m u s i c 
as w e l l as r e a d i n g c o m i c s and m a g a z i n e s . 
A g r o u p o f b o o k s w h i c h h a v e s t i m u l a t e d t h e i r 
i m a g i n a t i o n a r e w r i t t e n a f t e r t h e s t y l e o f an 
' a d v e n t u r e ' , where t h e use o f a d i c e o r t h e r e s u l t o f a 
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d e c i s i o n an t h e p a r t o-f t h o r e a d e r * d i r e c t s t h e r e a d f i r 
t o t h e i r n e x t c h a p t e r * I n t h i s way d i f f e r e n t r e a d e r s 
re?ad r ? i f f p ? r n n t v e r i i i n n p . o f t h e s t o r y * T h e r e a r e many 
ti u c h b o o k s c u r r e n t l y on b o o k s t a n d s * w h i c h b ase t h e i r 
e t l v e n t t r e s i n t h e w o r l d o f s c i e n c e f i c t i o n * O t h e r s a r e 
based upon t h e w o r l d i i o f t h e l i t t l e p e o p l e - c*Ivns, 
g o b l i n s and m a g i c i a n s — b u t w i t h o u t much o f t h e g e n t l e 
r o m a n t i c i s m o f f a i r y t a l e s * As w i t h t h e s p a c e 
a d v e n t u r e s , t h e r e a r e s e r i o u s l y d a n g e r o u s s i t u a t i o n s t o 
be e n c o u n t e r e d * 
An e x a n i n a t i o n o f t h e c o n t e n t o f c h i l d r e n s t e l e v i s i o n 
shows t h a t - a p a r t f r o m C u r r e n t A f f a i r s , Drama s e r i e s ' , 
G e n e r a l I n t e r e s t and d o c u m e n t a r i e s — t h e r e a l w a y s seems 
t o h a v e been C a r t o o n s * I n d e e d c a r t o o n s w h i c h w e re 
o r i g i n a l l y i n t e n d e d f o r c i n e m a a u d i e n c e s m a n y y e a r s ago 
- Donaild Duck, The Roadrunner, Bugs Bunny - a r e s t i l l 
b e i n g shown on t e l e v i s i o n t o g e t h e r w i t h modern 
o f f e r i n g s s u c h as T r a n s f o r m e r s , M a s t e r s o f t h e 
U n i v e r s e , G o b o t s and Mask* 
The c a r t o o n a l l o c s m o r a l j u d g e m e n t s t o b e e x p l o r e d i n a 
c o n t e x t o f a pseudo-human s o c i e t y w h e r e human p l a y e r s 
a r e r e p l a c e d by a n i m a l s o r f a n t a s t i c b e i n g s whose 
w e l f a r e can be a r g u e d t o b e l e s s i m p o r t a n t t h a n t h a t o f 
t h e r e a l human* I n t h i s May p h y s i c a l and m e n t a l a buse 
a r e s e e n t o be removed f r o m r e a l i t y f o r t h e s a k e o f 
humour o r m o r a l i s t i c j u d g e m e n t — t h e c a r t o o n i s used as 
a model M h i c h can b e t e s t e d , and m a n i p u l a t e d * From t h e 
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p o i n t o f v i e w o f t h e e n g i n e e r , t h e r n may w e l l foe mare 
• r e l e v a n t a t t r A b u t i ^ B J Many c a r t o o n s w h i c h a r e s e t i n t h o 
r e a l o i o f f a n t a s y , t h a t i s t h e y do n o t seek t o p o r t r a y 
w hat c o u l d be o b s e r v e d w i t h r ^ a i i ( p l a y e r s , s a k e common 
r e f e r e n c e t o an e x p l o r a t i o n u f rflovemsnt. , spee d and t h e 
e f f e c t o f momentum,, A l t h o u g h t h e e f f e c t s o f t h e s e can 
be e x a g g e r a t e d , t h e r e t u . i l t. i s t o b r i n g t o t h e 
f o r e — f r o n t t h e e f f e c t — t h e c o n s e q u e n c e o r o u t p u t . To 
d i s m i s s c a r t o o n s as o f no e d u c a t i o n a l v a l u e w o u l d be 
f a l 1 y. 
A n o t h e r s t i m u l u s t o l e a r n i n g and a s o u r c e o f l e a r n i n g 
i n i t s e l f , i s p l a y . A s u p e r f i c i a l c o n s i d e r a t i o n o f 
c h i l d r e n s p l a y — t h i n g s a l l o w s t h e i r d i v i s i o n i n t o 3 
g r o u p s s 
1) Games. 
a) S i t — D o w n - 'Monopoly', ' S u b b u t e o ' , C a r d s , 
' K e r — p l u n k ' , 'Simon', and 
b) Run-Around - F o o t b a l l , T i g g y , H i d e and Seek. 
2) Toys. 
a) F i x e d - ' D i n k y T o y s ' , 'Matchbox' v e h i c l e s . Remote 
and r a d i o c o n t r o l l e d v e h i c l e s and 
b) D i s — a s s e m b l e d - D o l l s f u r n i t u r e and d o l l s c l o t h i n g . 
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('Cindy' and ' A c t i o n Man' -
a e r o p l a n e ? v s h i p , e t c . 5 k i t s — t u 
V-OT^PJ r p i 1 wav' sets,, 
3) C o n s t i ' L i e t ? . 0 1 D K i t 1 - - . 
a) Open—ended. - "'Lego', 'Meccano', ' F i s c h e r T e c h n i c ' 5 
'Stoky'_ 
b) B u i l d i n g t o P l a n s . - Model a e r o p l a n e s c a p a b l e o f 
-? 17. g h t , stea?r> ?. c c o E o t i «ss 9 y a c h t s and b o a t s . 
C.D.T. i s p r i m a r i a l l y c o n c e r n e d w i t h m a k i n g , and t o 
t h i s end t h o s e a c t i v i t i e s i n t h e s e c o n d and t h i r d 
c a t e g o r i e s a r e most r e l e v a n t . However as T e c h n o l o g y i s 
a f u n c t i o n o f human e x p e r i e n c e , t h e r e h ave been 
d e v e l o p e d l e a r n i n g p a c k a g e s based upon t h e f i r s t g r o u p 
where games o f c o n s e q u e n c e a l l o w p o l i t i c a l , s o c i a l and 
f i n a n c i a l j u d g e m e n t s t o be t a k e n . 
The p l a y a c t i v i t i e s a s s o c i a t e d w i t h t h e s e c o n d g r o u p 
a r e a s s o c i a t e d w i t h t h e f o r m u l a t i o n o f p a r a m e t e r s o r 
r u l e s and t h e d e s i g n o f a p l a y e n v i r o n m e n t . S k i l l s i n 
c o n t r o l l i n g , s o c i a b i l i t y , a r t i c u l a t i o n and c o n s t r u c t i o n 
a r e d e v e l o p e d and o f t h e s e p e r h a p s t h o s e o f 
c o n s t r u c t i o n and c o n t r o l a r e c l o s e s t t o C.D.T. s i n c e 
o t h e r s can a l s o be d e v e l o p e d i n o t h e r a r e a s o f t h e 
s c h o o l c u r r i c u l u m . 
no s e x i s m ! > P i a s ' c i c 
bt) Cjiurjfl and p a j n t e d . 
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I t i s w i t E i t h o s e a c t i v i t i e s a s s o c i a t e d w i t h t h e f i r s t 
p a r t o f t h e t h i r d g r o u p t h a t C„ D„ T„ h a s t h e most 
s y m p a t h y , "or t h o s e o f fcho s n c c n d p a r t s i m p l y d e v e l o p 
t h e s k i l l s o-f m a k i n g and a l l o w l i t t l e s c o p e a t t h i s 
1 e v e l f o r i improvement and m o d i f i c a t i on „ 
A p a r t f r o m t h e t h e open-ended n a t u r e o f p l a y , t h e 
mafcer ; sl.s r l o s e l y model e n g i n e e r i n g m a t e r i a l s i n so f a r 
as t h e y c an be used t o oppose s t r e s s e s and t r a n s m i t 
movemento What i s n o t g e n e r a l l y e i i L O u r a q B d i s t h e 
m o d i f i c a t i o n o f t h e c o m p o n e n t s , and t h e r e i s an 
a c c e p t e d c o n d i t i o n t h a t t h e c o n s t r u c t e d a r t i f a c t s a r e 
n o t meant t o be o f a p e r m a n e n t n a t u r e = T h e r e a r e 
e x c e p t i o n s t o e v e r y r u l e h o w e v e r , and t h e m a n u f a c t u r e r s 
o f L ego, i n p a r t i c u l a r , h a v e p r o d u c e d k i t s o f p a r t s 
w h i c h a r e meant t o be b u i l t i n t o s p e c i f i c models,, They 
d i f f e r f r o m t h e k i t s l i s t e d i n t h e s e c o n d c a t e g o r y 
b e c a u s e t h e y a r e made up f r o m b a s i c c o m p onents w i t h t h e 
a d d i t i o n o f s t i c k y l a b e l s . I t i s p o s s i b l e , t h e r e f o r e , 
t o u t i l i s e t h e components as t h e u s e r d e s i r e s ^ Two 
o t h e r e x a m p l e s o f t h i s m a r k e t i n g t e c h n i q u e a r e k i t s 
made by F i s c h e r - T e c h n i c The f i r s t was m a r k e t e d a s t h e 
'BBC Buggy', and was i n t e n d e d t o be b u i l t up i n t o a 
c o m p u t e r c o n t r o l l e d v e h i c l e . , The s e c o n d k i t i s i n t e n d e d 
t o t o be more v e r s a t i l e i n t h a t more t h a n one model c a n 
be c o n s t r u c t e d , t h o u g h n o t a t t h e same t i m e The 
o b j e c t i v e o f b o t h i s t o d e v e l o p c o n t r o l s k i l l s r a t h e r 
t h a n t h e d e s i g n o f n o v e l m a c h i n e s ^ I n c i d e n t a l l y , t h e 
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c o m p l e x i t y o f t h e c o n s t r u c t i o n and t h e t i m e i n v o l v e d 
t o c o m p l e t e any marital i s s u c h t h a t , e n c e c o m p l e t e , the? 
b u i l d e r B m i l d hp l o a t h e t o s t r i p i t down? 
The p o s s i b i l i t y e x i s t s t h r o u g h t h e u s e o f t h e s e 
m a t e r i a l s t o L t j n s t r u c t r a p i d l y , n - t r u c t u r e n a i f i m a c h i n e s 
w h i c h d e f s n n s t r a t s p r i n c i p l e ' : : : o f i n n o v a t i o n and 
i n v e n t i o n . A l t h o u g h thi? f i n i s h e d p r o d u c t s w i l l be more 
o r l e s s s u b s t a n t i a l a c c o r d i n g t o t h e c o n s t r u c t i o n a l 
s t r a t e g i e s ; s k i l l s w i t h mar i i p u l a t i cm and t h e 
- sfi i i 1 i a r i t y w i t h t h e l i m i t a t i o n * ; , o f t h e k i t s , t h e speed 
w i t h w h i c h t h e i d e a can be t u r n e d i n t o r e a l i t y i s much 
l e s s t h a n a w o r k s h o p w o u l d a l l o w . 
T h i s i s o f c o n s i d e r a b l e s i g n i f i c a n c e s i n c e w o r k s h o p 
o r g a n i s a t i o n , s a f e t y , p r e c i s i o n , i n c o m p a t i b i l i t y o f 
m a t e r i a l s and t h e u n f a m i 1 i a r i t y w i t h t o o l s , a l l 
c o n s p i r e t o s t i f l e t h e s p a r k o f an i d e a . E s p e c i a l l y 
w i t h t h e young who seem t o need r e s u l t s , i f n o t q u i t e 
y e s t e r d a y , a t l e a s t w i t h i n t h e h a l f - h o u r ! 
T h e r e i s a l i n k h e r e b e t w e e n t h e f i r s t and t h i r d 
q u e s t i o n s . 
T h e r e have a l w a y s been t h o s e who have seen a need f o r 
t h e w ork done i n s c h o o l s t o be d i r e c t l y r e l e v a n t t o t h e 
w o r l d o f w o r k . Whether t h e y be t h e p a r e n t s on b e h a l f o f 
t h e i r c h i l d r e n , t h e c h i l d r e n t h e m s e l v e s s e e i n g p o s s i b l e 
r o u t e s and c r e a t i n g p a t h w a y s t o w a r d s c h o s e n fZ3.resrs, 
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t h o s e who -from t i m e t o t i m e s u r f a c e i n o r d e r t o 
c r i t i c i n c t h e oducat.ion '.system -for p r o d u c i n g c h i 1 «j:-'t?n 
who =irt5 unpfnp) nyghi ip? ~;i n r p t h e y can n e i t h e r r e a d nor 
w r i t e . However „ t h o r n i n no d o u b t t h a t a s souia u h i l dren 
near t h o end of t h e i r R c h r s o l c a r e e r so t h e y become e v e r 
mors c o s i c i o n s of t h e i r need f a r a s t r a t e g y by which 
t h e y w i l l b s a b l e t o e n t e r h i g h e r e d u c a t i o n . Many of 
t h e s e a r e a l r e a d y c e r t a i n where t h e i r p r e f e r r e d -future? 
employment l i e s , and a r e t h u s s e l f — m o t i v a t e d = I t would 
be w i s e t o c o n s i d e r t h e s e i f a c u r r i c u l u m i s t o r e f l e c t 
r e a l i ty„ 
The l a s t q u e s t i o n c o n c e r n e d t h i s r e a l i t y — t h e p o s s i b l e 
w a y s i n which s k i l l s and knowledge d e v e l o p e d v s i t h i n a 
new t e a c h i n g package c o u l d be t r a n s f e r r e d t o t h e w o r l d 
o u t s i d e t h e l e a r n i n g s i t u a t i o n , w h i l s t t h e second a s k e d 
how t h e INSET i n i t i a t i v e s c o u l d be u t i l i s e d ^ I t might 
be t e m p t i n g t o look a t them a s s e p a r a t e i s s u e s b u t 
s i n c e t h e INSET i n i t i a t i v e s Mere p o l i t i c a l l y m o t i v a t e d 
t o h a l t t h e d e c l i n e i n t h e p o s i t i o n o-f B r i t a i n a s a 
t r a d i n g n a t i o n , s u c h would be an i n a p p r o p r i a t e a c t . To 
be a t r a d i n g n a t i o n whose n a t u r a l r e s o u r c e s a r e not 
wanted, cannot be a f f o r d e d or a r e s e r i o u s l y d e p l e t e d i s 
t o be a n a t i o n whose t a s k i s t o add v a l u e t o whatever 
i t can o b t a i n . V a l u e , r e c o g n i s e d and e v a l u a t e d by t h e 
p o t e n t i a l customer, i s what s t i m u l a t e s t r a d e . The a c t 
of adding v a l u e i s c l e a r l y i m p o r t a n t , and i t must 
i n v o l v e p e o p l e . Hence t h e c o n n e c t i o n between employment 
and p o l i t i c a l i n i t i a t i v e s . 
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AIt.hns.igh some might c l i n g t o t h e b e l i e f t h a t e d u c a t i o n 
•-.f-i i j c o n t i n u e s t.a bs i n t e n d e d a s a g e n e r a l p r e p a r a t i o n 
f r r a d u l t h o o d , i t would be more r e a l ? , nfcic t o SRG t h i s 
a g a i n s s d t h e background of an itajwtxJiatK -Future hc-rkng 
p r e s e n t l y o c u l p t u r s d w i t h a -fervour not s e e n s i n c e t h e 
a f t e r m a t h of tha r.c?c:ont? i - w l d war, 
l o Shakespeare,, W = 'A Midsummer M i g h t s ' s Dream', Act 
111, Sc 1, C h a n c e l l o r P r e s s . 1982= 
2= S n i l l i t o = G„ " N a t i o n a l Programme of D i s s e m i n a t i o n of 
B r i t i s h School Technology,, MCST- T r e n t P o l y t e c h n i c 
1983 = 
3= Grimshaw. K = Speech t o EST one day c o n f e r e n c e . 
Durham Mew C o l l e g e , 19B3„ (Appendix 3> 
4= P r e s s r e l e a s e j 'Technology T a k e s To The Road'= BST. 
19B3„ 
5. BST "INSET C o u r s e s f o r t h e T e c h n o l o g i c a l 
C u r r i c u l u m . ' BST 1986. 
6. Pace. S 'Design and Technology i n S c h o o l s — i t s 
P o t e n t i a l f o r t h e E n g i n e e r i n g Profession'„ P r o c I n s t . 
Mech. E n g r s . A p r i l 1986. 
7. Ausubel»B.P., Novak.J.D., Hanesian.H. ' E d u c a t i o n a l 
P s y c h o l o g y s A C o g n i t i v e View-' H o l t , P i n e h a r t & 
Winston. 1978= 
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9„ COMIMGn READY OR MOT! 
The t h i r d q u e s t i o n posed i n t h e p r e v i o u s c h a p t e r 
r e q u i r e s an e x a m i n a t i o n of c u r r e n t i n d u s t r i a l 
t e c h n i q u e s which w i l l be o-f d i r e c t r e l e v a n c e t o CDT 
t e a c h e r s . 
R e c a l l i n g K i b a s i and M i l l s t h i r d r o l e f o r t h e computer 
i n t h e i n d u s t r i a l e n vironment — t h a t of t h e ' a c t i v e 
c o n t r o l l e r i n a c l o s e d loop s i t u a t i o n ' ( 1 ) - t h e 
computer hao t h r e e i d e n t i t i e s -
i ) Computer a i d e d d e s i g n - CAD - u t i l i s e s t h e g r a p h i c a l 
o u t p u t o-f both t h e monitor s c r e e n and t h e d e v i c e s which 
a r e c a p a b l e of p r o d u c i n g images on paper - p r i n t e r s and 
p l o t t e r s . The computer i s p a r t i c u l a r l y h e l p f u l when i t 
i s a b l e t o p r o j e c t a t h r e e d i m e n s i o n a l model from an 
image c r e a t e d i n two d i m e n s i o n s - The speed w i t h which 
i t c a n a l t e r both shape and c o l o u r t o g e t h e r w i t h i t s 
a b i l i t y t o p e r form c a l c u l a t i o n s based upon t h e s i z e s 
which i t h a s been g i v e n a l l o w work p r e v i o u s l y done i n 
d i f f e r e n t a r e a s t o be condensed t o a s i n g l e s i t e . 
i i ) Computer a i d e d m a n u f a c t u r e - CAM - u t i l i s e s t h e 
d a t a o u t p u t from t h e computer t o c o n t r o l m a c h i n e r y . 
T h i s can be done a t d i f f e r e n t l e v e l s - from t h e c o n t r o l 
of a s i n g l e machine t o t h e c o n t r o l of more t h a n one 
machine (but r e s t r i c t e d t o a s p e c i f i c group) and t o t h e 
o v e r a l l c o n t r o l of a c o m p l e t e p r o d u c t i o n sequence. 
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Machines which a r e c a n t r c l 1 3 d f «1 1 i n t o twn r n t e q o r i e s 
m a t e r i a l s p r o c e s s i n g and m a t e r i a l s handling.. M a t e r i a l s 
n r o r E r a i n q machines, re-f e r r r e d tej an Computer M'^pr? c a l 
C o n t r o l ~ CMC ~- tt-iid t e look v«ry B?.mi l a r t o t h e i r 
lumen o p e r a t e d p r e d e c e s s o r s whsresan m a t e r i a l s h a n d l i n g 
d n v i c R E a r e - R f ] i d r e d t o r e p l a c e t h e human o p e r a t o r rand 
have a d i s t i n c t l y di-f-ferent a s p e c t . S i r i c a t h e y a r e 
n t i 11 ~. r e c e n t phenomenon, a s w i t h t h e f i r s t steam 
d r i v e n v e h i c l e s , t h e y t e n d t o r e s e m b l e t h e i r 
p r e d a . E 5 s a r 3 . Re-neral ?. y r e f e r r e d t o a s I n d u s t r i a l 
Robots, t h e y c o n s i s t of l i m b s , j o i n t s and g r i p s s^hich 
r e f l e c t , t h e human arm. 
i i i ) Computer s i m u l a t i o n i s a m i x t u r e of t h e f i r s t two 5 
where g r a p h i c a l output i s used t o r e p r e s e n t t h e 
b e h a v i o u r of machinery- T h i s i s p a r t i c u l a r l y u s e f u l 
d u r i n g t h e development of p h y s i c a l l y l a r g e or h a z a r d o u s 
o p e r a t i o n s , or t h e p r e d i c t i o n of human r e s p o n s e s t o 
c h a n g i n g s i t u a t i o n s . I t i s a l s o used d u r i n g t h e 
p l a n n i n g of o p e r a t i o n a l change t o p r e d i c t c o s t s , 
e f f e c t s and t o f a c i l i t a t e d e c i s i o n making- S i m u l a t i o n 
i s c o n s i d e r e d t o be v e r y i m p o r t a n t i n t h e t r a i n i n g and 
m o n i t o r i n g of s t a f f who work i n r a p i d r e s p o n s e 
s i t u a t i o n s - a i r l i n e p i l o t s , power s t a t i o n c o n t r o l l e r s 
and d e f e n c e s y s t e m o p e r a t o r s . 
T h e r e i s a second b r a n c h t o g r a p h i c s u t i l i s a t i o n where 
t h e i n t e r a c t i o n of t h e m i c r o p r o c e s s o r and t h e v i s u a l 
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d i s p l a y u n i t (VDU) « i s e x p l o i t e d a s an nod i n itael-Pn 
Ths p r o d u c t i s g e n e r a l I y a. fspcpjipnce? o-f q r a p h i r i f f t a r j e F j -
Such iimages may be used t o d e s c r i b e a n o v e l c o n c e p t 
i n c a p a b l e uf b a i n g convenec;nt?.y dnrr.r.'.hed i n any o t h e r 
rasdiLIE„ The- prnc^rans of a d r c o n or t h e i m a g i n a r y v i s i o n 
of e n v i ronrasnts out-si do our own n x p s r i ence,, 
W h i l s t t h e u s e of c o u ^ u t a r G t o s i unul at.!-> p r o d u c t 
p n r f o r E a n c B or t o enhance t h e commumcaion of i d e a s i s 
a tschno-2 a g i c a l a c t i v i t y , i t doec nut art i t o e l f a.lJ. ow 
much scope f o r t h e p r o d u c t i o n of a r t i f a c t s - The 
s i m u l a t o r i s a b l e t o r e l y e n t i r e l y upon g r a p h i c s 
d i s p l a y e d upon a s c r e e n and a l t h o u g h t h e s o f t w a r e i s 
c r e a t i v e , i t does not r e q u i r e t h e u s e manual 
c o n s t r u c t i o n s k i l l s -
T h i s i s not e n t i r e l y t r u e of CAD, where i t i s p o s s i b l e 
t o d e s i g n equipment whose pur p o s e i s t h e p r o d u c t i o n of 
two d i m e n s i o n a l g r a p h i c s . I t i s a l s o p o s s i b l e t o d e s i g n 
equipment which w i l l a l l o w alt.Rrnati.ve methods ( i . e . , 
w i t h o u t u s i n g t h e keyboard) by which t h e u s e r c a n i n p u t 
t o t h e computer-
However t h e g r e a t e s t . s c o p e f o r t h e development of 
computer-connected equipment i s i n t h e f i e l d of CAM, 
and i n p a r t i c u l a r t h e development of t h o s e machines 
which have no p r e c e d e n t -
C o n s i d e r a t i o n of t h e g e n e r a l p r i n c i p l e of d i v i d e and 
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r u l e needs t o b e t a k e n a t t h i s p o i n t . I t i s o f t e n 
c o n v e n i e n t t o divide- a system i n t o c a t e g o r i e s b e c a u s e 
humans a r e more a b l e t o h a n d l e m e n t a l l y , d e s c r s t e 
p a c kages o f i n f o r m a t i o n thar« t h e y can c*rt aoirphoufi 
whole. T h i s example of t h e a r t i f i c i a l , s u b - - d i v i s i o n u f a 
trump L i t s r B y s t . G i f i B ' c a p a b i l i t i e s i 2. J. t t s t r a t e s w e l l t h e 
f o l l y o-? e r e c t i n g a r t i f i c i a l c o n c e p t u a l b o u n d a r i e s . The 
e s s e n c e o f t h e computer s y s t e m i s not: t h e i n p u t or t h e 
o u t p u t . j.t i s t h e p r o c e s s . The o r g a n i s e d movement of 
p u l s e s and t h e i r m o n i t o r i n g i s t h e uuiienets* What. t h e 
p u l s e s a r e made t o r e p r e s e n t i s t h e b u s i n e s s o f t h e 
i n p u t and output d e v i c e s , and s i n c e t h o s e a r e t h e 
d e v i c e s most o b s e r v a b l e i t i s p o s s i b l e t o f o r g i v e 
humans who know no b e t t e r , f o r t h e i r b e l i e f t h a t t h e 
computer i s l e s s v e r s a t i l e t h a n i t s p o t e n t i a l w i l l 
a l l o w . The c r e a t i o n o f n o v e l i n p u t and output d e v i c e s 
i s t h e r e f o r e t o be encouraged, a s i s t h e wider 
f r a n c h i s e o f computer s y s t e m a p p r e c i a t i o n . The a r e a o f 
t h e c r e a t i o n of i n p u t / o u t p u t d e v i c e s i s t h a t of 
t e c h n o l o g y which, l i k e man, c a n n o t be a n i s l a n d - i t 
w i l l b e n e c e s s a r y t o a p p r e c i a t e , a t l e a s t t o t h e depth 
o f t h e p r a c t i c a l problem b e i n g f a c e d , t h e s y s t e m a s a 
whole. 
Any s t r a t e g y d e s i g n e d by one f o r t h e u s e o f a n o t h e r 
w i l l need t o be d e s c r i b e d a n d t h e v e r y a c t o f 
communicating t h u s becomes t h e s u b j e c t o f d e s i g n . S i n c e 
t h e computer i s c a p a b l e o f b e i n g used a s a v i s u a l 
output a b l e t o d e s c r i b e i n both w r i t t e n a n d p i c t o r i a l 
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-form a s w e l l a c o n t r o l l e r and s i m u l a t o r , t h e t h r e e 
c a p a b i l i t i e s s h o u l d be s e e n a s p o t e n t i a l l y m u t u a l l y 
s u p p o r t i v e . 
Having e s t a b l i s h e d once a g a i n t h e 'oneness' of t h e 
s y s t e m , i t i s a s m a l l s t e p t o i t s e v e n t u a l comparison 
w i t h t h e v e r y e s s e n c e of t e c h n o l o g y . Making, t e s t i n g , 
communicating, e v a l u a t i n g - t h e problem i s t h e d e s i g n 
of t h e a p p r o p r i a t e i n t e r f a c e s which w i l l a l l o w t h e 
computer s y s t e m t o i n t e r a c t w i t h t h e human = Th e s e i t e m s 
w i l l a l s o i n c l u d e equipment which w i l l be d e s i g n e d t o 
i n t e r a c t p h y s i c a l l y w i t h i n a world o n l y o b s e r v e d by 
humans. Such i t e m s w i l l be 'doing work' f o r humans, 
w h i l s t t h e humans monitor and e v a l u a t e t h e i r 
p e rformance and r e a p t h e b e n e f i t of t h e i r l a b o u r s . 
Browne, w h i l s t working f o r Pye Telecom — Cambridge, 
d e s c r i b e d t h e a d v a n t a g e s of i n d u s t r i a l r o b o t s . '24h 
o p e r a t i o n i s p o s s i b l e , a l l o w i n g t h e optimum use of 
e x p e n s i v e l a t h e s and p r e s s e s . Robots can o p e r a t e i n 
h o s t i l e c o n d i t i o n s , h a v i n g h i g h t e m p e r a t u r e s , d u s t or 
fumes, which would have t o be improved i f humans were 
t o work t h e r e . ' ( 2 ) I t i s i n t e r e s t i n g t o r e f l e c t upon 
t h e e v e n t s which might have brought about t h e 
i n t r o d u c t i o n of t h e r o b o t t o t h e s e e n v i r o n m e n t s . Was 
t h e environment newly c r e a t e d w i t h t h e h a z a r d 
r e c o g n i s e d and t h e r o b o t i n c l u d e d a s a d i r e c t 
c o n s e q u e n c e ? P e r h a p s t h e h a z a r d has e i t h e r been newly-
c r e a t e d or r e c o g n i s e d and, t o comply w i t h s a f e t y 
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l e g i s l a t i o n , t h e r o b o t i n t r o d u c e d a s a c h e a p e r 
a l t e r n a t i v e t o a c l e a n - u p o p e r a t i o n ? 
Browne c o n t i n u e s , 'They a r e c o n s t a n t i n t h e i r 
p e r formance and t h e r e f o r e a u n i f o r m q u a l i t y i s 
o b t a i n e d . ' (2) T h i s i s no doubt t r u e i n comparison trfith 
t h e t i r e d , or changed, human o p e r a t o r but i t does h i d e 
a t r u t h . T h e r e w i l l a l w a y s be some wear i n m e c h a n i c a l 
j o i n t s , l e a d i n g t o i n a c c u r a c i e s of p o s i t i o n and 
v i b r a t i o n - V i b r a t i o n r e s u l t s i n a non—programmed 
movement p r o f i l e . T h e s e problems a r e but two of t h e 
c h a l l e n g e s t o be f a c e d and might seem t o be 
i r r e c o n c i 1 e a b l e when, a s Browne p o i n t s o u t , 'Robots can 
o p e r a t e w i t h v e r y f i n e p r e c i s i o n and can h a n d l e v e r y 
heavy l o a d s . ' < 2 ) I t i s not c l e a r t o what o r d e r s of 
magnitude he i s r e f e r r i n g , nor whether he means t h a t 
e a ch r o b o t i s c a p a b l e of both f e a t s . 
C a r b e r r y of H e w l e t t P a c k a r d d e s c r i b e s t h e method by 
which B r i t i s h A e r o s p a c e u s e s r o b o t s t o m a n u f a c t u r e 
s u b s t r a t e s ( boards w i t h c o n d u c t i n g t r a c k s but w i t h o u t 
components) and t h e n t o produce c o m p l e t e and t e s t e d 
p r i n t e d c i r c u i t b o a r d s . The r o b o t s a r e l o c a t e d i n work 
a r e a s , commonly c a l l e d " c e l l s " , and i n t h i s p r o c e s s 
t h e r e a r e t h r e e c e l l s which can c o n t a i n more tha n one 
r o b o t . ' I n c e l l 1, t h e s u b s t r a t e s a r e c a r r i e d by 
overhead t r a n s p o r t e r through a K e r r y U l t r a s o n i c s 
p r e — c l e a n p r o c e s s . ....... M e c h a n i c a l t r a n s p o r t from 
t h e p r e — c l e a n u n i t t hrough p r i n t i n g and on t o t h e 
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p i c k — a n d — p i a c e a s s e m b l y machine i s p r o v i d e d by a 
P a t t e r s o n V i p e r 3000 r o b o t . The Dynapert p i c k s 
components -from t h e -feeder p a l l e t s and p l a c e s them on 
t h e b a r e s u b s t r a t e s . A s e c o n d P a t e r s o n r o b o t removes 
bo a r d s from t h e p i c k — a n d — p l a c e machine and d e p o s i t s 
them a t t h e i n p u t t o c e l l 2. I n t h i s c e l l , a second 
o v e r h e a d t r a n s p o r t e r c a r r i e s t h e b o a r d s through an I V 
P r o d u c t s m u l t i - s t a g e s o l d e r i n g p r o c e s s , and on t o a 
K e r r y U l t r a s o n i c s d e f l u x u n i t . ' ( 3 ) The components t o be 
s o l d e r e d onto t h e b o a r d s a r e t h e modern s u r f a c e mounted 
t y p e . T h e s e have t a g s which a r e not r e q u i r e d t o f i t 
through t h e board, c o n s e q u e n t l y t h e l o a d e d board needs 
t o be t r a n s f e r r e d t o t h e s o l d e r i n g s t a t i o n w i t h a 
minimum of v i b r a t i o n . However, s u c h c i r c u i t b o a r d s a r e 
not l i k e l y t o have a g r e a t mass and t h e r o b o t can be 
b u i l t of l i g h t m a t e r i a l s p r o v i d i n g t h e a d v a n t a g e s of 
l o n g e v i t y and minimum i n t e r n a l wear. 
I n t h e same a r t i c l e C a r b e r r y d e s c r i b e s a n o t h e r r o b o t 
w o r k s t a t i o n b e i n g used by H e w l e t t P a c k a r d i n B r e n o b l e , 
A l s o f o r t h e m a n u f a c t u r e of p r i n t e d c i r c u i t b o a r d s , but 
w i t h t h e a b i l i t y t o " i n s e r t o d d — s i z e d components a f t e r 
t h e y have p a s s e d through a U n i v e r s a l i n s e r t i o n machine 
which i n s e r t s a l l t h e r e g u l a r s i z e d components. .... 
The c e l l o p e r a t e s a s f o l l o w s ; a component i s s e l e c t e d 
from a r a c k of s t o r a g e t u b e s and t h e PCB i s m a n i p u l a t e d 
i n t o p o s i t i o n above a f i x e d c r i m p i n g mechanism... = 
Once t h e component i s i n p o s i t i o n i t i s i n s e r t e d i n t o 
t h e PCB a u s i n g one-way f o r c e s e n s i n g t o check f o r bent 
c o n n e c t o r s . . . (3) T h e r e a r e two a s p e c t s of t h i s 
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o p e r a t i o n which r e q u i r e p r e c i s i o n , t h e a c t of l i n i n g - u p 
t h e component w i t h t h e h o l e s i n t h e board and t h e 
s e n s i n g of i n t e r f e r e n c e . However, once more t h e robot 
i s not r e q u i r e d t o h a n d l e a m a s s i v e i t e m . 
T h i s r o b o t , a Scemi, h a s a g r i p p e r d e s i g n e d by H e w l e t t 
P a c k a r d and 'has e i g h t d e g r e e s of freedom,, . u . . T h e r e 
a r e s i x r o b o t a x e s , which a r e used t o s e l e c t and 
m a n i p u l a t e t h e component, w h i l e t h e o t h e r two d e g r e e s 
of freedom a r e i n t r o d u c e d t o t h e X—V p o s i t i o n i n g t a b l e 
f o r moving t h e PCB i t s e l f ' . ( 3 ) Comparing t h i s w i t h t h e 
d e g r e e s of freedom a s s o c i a t e d w i t h t h a t p a r t of t h e 
human body i t i s d e s i g n e d t o r e p l a c e , t h e r e a r e a l s o 
s i x — namely t h e w a i s t — l i m i t e d u n i v e r s a l , t h e 
s h o u l d e r - l i m i t e d u n i v e r s a l , t h e elbow — e l e v a t i o n , 
t h e f o r e - a r m - r o t a t i o n a l , t h e w r i s t — e l e v a t i o n , and 
t h e f i n g e r / t h u m b - g r i p . 
Browne's b e l i e f i n t h e a b i l i t y of a r o b o t t o move 
m a s s i v e l o a d s may w e l l be j u s t i f i e d by G r i f f i t h s and 
L e w i s , both of t h e U n i v e r s i t y of Wales I n s t i t u t e of 
S c i e n c e and Technology. They were c o n c e r n e d w i t h t h e 
r e a s o n s why t h e UK c a s t i r o n i n d u s t r y had not t a k e n 
advantage of t h i s t e c h n o l o g y . 'The main i n t e r e s t i n 
r o b o t a p p l i c a t i o n s h a s been i n s p o t w e l d i n g , i n j e c t i o n 
moulding s u r f a c e c o a t i n g and machine t o o l s e r v i c e . 
These a p p l i c a t i o n s a r e a u t o m o t i v e produce o r i e n t a t e d . 
However, i n t h e f o u n d r y i n d u s t r y which i s a major 
component m a n u f a c t u r e r t o t h e a u t o m o t i v e i n d u s t r y , t h e 
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u s e of r o b o t s h a s not been e x p l i o t e d ' . ( 4 ) 
They s u r v e y e d t h e d i s t r i b u t i o n o-f r o b o t s w i t h i n 
i n d u s t r y i n 1983 and p u b l i s h e d t h e f o l l o w i n g c a t e g o r i e s 
of u s e and approximate numbers2 — 
U.K. Robot A p p l i c a t i o n s i n 1983= (4) 
Spot w e l d i n g , s = = » 350 
I n j e c t i o n moulding-........= 250 
Arc wel d i n g . . . . . . . . . . . a . . - . . 240 
S u r f a c e c o a t i n g . . . . . . . . . . . . . 170 
Machine t o o l s e r v i c i n g . = . . . . 1 6 5 
Ot h e r . . . . . . . . .. = .. = = . = = .. = = .1 
Assembly....................100 
E d u c a t i on..............a.....80 
P a l l e t i s i n g & p a c k i n g . . . . . . . . 70 
P r e s s t o o l s e r v i c e . . . . . . . . . . . 50 
D i e c a s t i n g . . . . 0 . = . . . = = = . . . = = 40 
I n s p e c t i o n 8e t e s t i n g . ........ 40 
Gr i ndi ng.... = . = = . = . = .........40 
Other h a n d l i n g . . . . . . . . . . . . . . . 20 
Inve s t m e n t c a s t i n g . 10 
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I t i s i n t e r e s t i n g t o s e e t h a t t h e r e i s not a category 
which i m p l i e s t h e l i f t i n g or s u p p o r t i n g of a n y t h i n g 
r e a l l y m a s s i v e ! 
T h e i r aim was t o produce a c h e c k l i s t which would a i d 
t h e d e c i s i o n of whether or not a r o b o t c o u l d cope w i t h 
t h e environment and p r o c e s s , i n o r d e r t o t e s t t h e i r 
f i n d i n g s t h e y conducted a f e a s i b i l i t y s t u d y a t a 
f o u n d r y i n South Wales. They c o n s i d e r e d a p p l i c a t i o n s i n 
t h e m a n u f a c t u r i n g and c l e a n i n g of moulds, t h e p o u r i n g 
of metal i n t o a mould, t h e removal of t h e c a s i n g from 
t h e mould, f e t t l i n g - t h e trimming of t h e c a s t i n g and 
i n s p e c t i o n . Of t h e c a s i n g p r o c e s s , t h e a r t i c l e s t a t e s — 
'Another p o s s i b l e a p p l i c a t i o n i s p o u r i n g of l i q u i d i r o n 
i n t o a mould - t h i s i s r a t h e r u n i q u e . Although t h e r e 
a r e r o b o t s on t h e market c a p a b l e of c a r r y i n g t h e h i g h 
l o a d of t h e l a d l e and t h e l i q u i d i r o n , t h e t e c h n o l o g y 
r e q u i r e d around t h e r o b o t and t h e r o b o t i t s e l f would be 
prone t o metal s p l a s h ' . ( 4 ) I t i s c l e a r t h a t l o a d s 
c o n s i s t i n g of s o l i d m a t e r i a l , r a t h e r t h a n l i q u i d , can 
be h a n d l e d w i t h p r e c i s i o n . 
I t may be t h a t humans would be l e s s t h a n e f f i c i e n t a t 
c a r r y i n g d r i n k s i f t h e y were d e p r i v e d of t h e s e n s e s of 
s i g h t , sound and f e e l . E x p e r i e n c e shows t h a t when t h e 
b r a i n i s u n a b l e t o carry on w i t h i t s normal p r o c e d e u r e s 
through u n e x p e c t e d d i s t r a c t i o n or t h e e f f e c t s of 
a l c o h o l , t h e human r e s p o n s e t o i t s s e n s e s i s i m p a i r e d . 
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C r i t i c i s m of a r o b o t f o r s p i l l i n g molten metal would 
need t o be tempered by a knowledge of i t s s e n s o r s and 
an a p p r e c i a t i o n of i t s r e s p o n s e c a p a b i l i t i e s . As Browne 
p u t s i t , 'The p r i n c i p l e d i s a d v a n t a g e of a r o b o t i s i t s 
l a c k of i n t e l 1 e g e n c e , which d e n i e s i t t h e extreme 
f l e x i b i l i t y of t h e human. The human h a s a g r e a t e r 
c a p a b i l i t y t o modify i t s a c t i o n s a c c o r d i n g t o 
c i r c u m s t a n c e s and t o l e a r n from t h o s e e v e n t s t h a n h a s a 
r o b o t , which can d e a l o n l y w i t h t h o s e s i t u a t i o n s t h a t 
t h e programmer h a s f o r s e e n and been a b l e t o 
program'.(3) 
R e v i e w i n g t h e American r e p o r t by Tech Tran C o n s u l t a n t s , 
Casey w r o t e , 'The a u t h o r s p e a k s t o American r o b o t u s e r s 
t o f i n d out where improvements i n r o b o t d e s i g n and 
t e c h n o l o g y a r e needed and d i s c o v e r s t h a t " t h e g r e a t e s t 
l i m i t a t i o n of r o b o t s b e i n g used today i s t h e l a c k of an 
e f f e c t i v e , r e a s o n a b l y p r i c e d s e n s i n g c a p a b i l i t y f o r 
d e t e r m i n i n g t h e l o c a t i o n or shape of an o b j e c t . " And 
t h e h i g h c o s t of s e n s i n g s y s t e m s on t h e market make 
them e c o n o m i c a l l y u n f e a s i b l e f o r many y e a r s ' . ( 5 ) The 
a r t i c l e a l s o makes a r e f e r e n c e t o t h e l o a d c a r r y i n g 
c a p a b i l i t i e s — 'Today's r o b o t s a r e t y p i c a l l y v e r y l a r g e 
and heavy and can l i f t w e i g h t s e q u a l t o o n l y lOX of 
t h e i r weight - t h e u s e r s q u e s t i o n e d c a l l f o r s m a l l e r 
r o b o t s w i t h g r e a t e r r e l a t i v e l o a d c a p a c i t y ' . ( 5 ) 
As w e l l a s improved l o a d c a r r y i n g c a p a b i l i t y and 
s e n s i n g , t h e r e a r e o t h e r developments f o r which 
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i n d u s t r y i s w a i t i n g - C a s e y ' s a r t i c l e goes on t o 
menti on? 
i ) improved g r i p p e r d e x t e r i t y 
i i ) e a s i e r programming 
i i i ) l i g h t e r , s m a l l e r r o b o t s 
i v ) improved c o n t r o l s y s t e m s 
v) - f a s t e r movement 
I n t e r e s t i n g l y , M i l l a r (6) makes a s u g g e s t i o n t h a t p u t s 
i n t o p e r s p e c t i v e one of t h e c h a r a c t e r i s t i c s o-f t h e 
r o b o t a s d e s c r i b e d by C a r b e r r y (3)= I n h i s paper 
'Robots a r e h e r e t o s t a y ' , he d i s c u s s e d h i s e x p e r i e n c e s 
o-f r o b o t i c s a s e n g i n e e r i n g d i r e c t o r a t T u r n e r 
I n t e r n a t i o n a l E n g i n e e e r i n g , A l c e s t e r . T u r n e r ' s were 
i n v e s t i g a t i n g t h e -further automation o-f t h e i r 
p r o d u c t i o n l i n e h a v i n g a l r e a d y i n s t a l l e d Computer 
n u m e r i c a l C o n t r o l (CNC) machines t o p i e r c e h o l e s and 
s l o t s w i t h plasma, t o bend and form, t o d r i l l and t u r n . 
The u s e o-f plasma t o c u t s t a i n l e s s and c a r b o n s t e e l s 
p r o d u c e s a v e r y c l e a n c u t , and when d i r e c t e d by CNC t h e 
p r o f i l e i s a c c u r a t e . The o t h e r CNC p r o c e s s e s b e n e f i t t e d 
from a c c u r a c y t o t h e same degr e e . However t h e a s s e m b l y 
of t h e components had y e t t o be automated. 
M i l l a r d e a l t w i t h t h e q u e s t i o n of a c c u r a c y by p u t t i n g 
i t i n t o t h i s c o n t e x t . 'Many companies work under t h e 
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i m p r e s s i o n t h a t t h e y a r e l o o k i n g -for accuracy * I n most 
c a s e s y I would s u g g e s t t h a t t h e y a r e n o t . What t h e y a r e 
l o o k i n g -for i s r e p e a t a b i l i t y ' . He i s not s u g g e s t i n g 
t h a t m a n u f a c t u r i n g i s not a m a t t e r o-f a c c u r a c y , he i s 
p o i n t i n g out t h a t a c c u r a c y can be o b t a i n e d i n d i f f e r e n t 
ways. I n T u r n e r ' s c a s e t h e a c c u r a c y was o b t a i n e d from 
CNC i n su c h a way a s t o proved a c c u r a c y of f i t . 
I n a c c u r a t e ( r e l a t i v e l y ! ) means may t h e n be u t i l i s e d t o 
make t h e j o i n t permanent. With t h i s p h i l o s o p h y 
a c c e p t e d , T u r n e r ' s then went on t o i n t r o d u c e r o b o t i c 
w e l d i n g equipment. 
The r e a l i t y of i n d u s t r i a l e n g i n e e r i n g s t a n d s a p a r t from 
t h e c a p a b i l i t y of t h e c a l c u l a t o r and t h e s u p e r i o r i t y of 
t h e s c i e n c e s e s s i o n . I am reminded of a t e a c h e r of 
woodwork who was a b l e t o q u e s t i o n h i s own double 
s t a n d a r d s w i t h me, h i s p u p i l . I n t h e drawing o f f i c e he 
r e q u i r e d a c c u r a c y t o w i t h i n l / 6 4 t h of an i n c h but i n 
t h e woodwork shop 1/32nd of an i n c h was more r e a l i s t i c 
and q u i t e a c c e p t a b l e . I n p r a c t i s e p u p i l s were l u c k y t o 
work w i t h i n i / 8 t h of an i n c h which made f o r an 
i n t e r e s t i n g , a l b e i t academic, d i s c u s s i o n on t h e 
v i a b i l i t y of t h e p o s s i b l e . 
I n h i s c o n c l u s i o n , M i l l a r hammers home t h e r e a l i t y f o r 
B r i t i s h e n g i n e e r i n g p r o d u c t i o n . 'To s t a y i n b u s i n e s s i n 
t h e f u r u r e , you cann o t be complacent and must e n s u r e 
t h a t e v e r y e f f o r t i s made t o d e v e l o p and p r o g r e s s . 
F i n a l l y , i f you f e e l t h a t from your p a r t i c u l a r 
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e x p e r i e n c e r o b o t w e l d i n g i s a gimmick, i t i s e x p e n s i v e 
and u n p r o f i t a b l e , and you cannot u s e i t - f l e x i b l y -for 
low volume p r o d u c t i o n , y o u have s i m p l y not e n g i n e e r e d 
your c a p i t a l development programme c o r r e c t l y . F o r g e t 
t h e buzz wards. I t i s r e a l l y q u i t e s i m p l e s what i s b e s t 
-for your b u s i n e s s ? How b e s t can you u s e t h e equipment 
t o work -for you? And remember, i f you do not p l a n 
e f f e c t i v e l y i n a l l o t h e r a r e a s , t h e r o b o t s i m p l y w i l l 
not work'.(6) 
C l e a r l y t h e v a l u e t o i n d u s t r y of t h e m a n u f a c t u r i n g 
r o b o t i s c o n s i d e r e d t o be g r e a t . I t s e f f e c t i v e n e s s i n a 
v a r i e t y of s i t u a t i o n s h a s been e v a l u a t e d and, a s M i l l a r 
d e s c r i b e s , t h e need f o r e n v i r o n m e n t a l p l a n n i n g i s of 
paramount i m p o r t a n c e . 
The e d u c a t i o n a l c o n t e x t of r o b o t i c s p r o d u c e s w i d e r 
p l a n n i n g c o n s i d e r a t i o n s . As M i l l e r p o i n t e d o u t , i t i s 
l e s s t h a n a p p r o p r i a t e f o r t h e r o b o t t o be i n t r o d u c e d a s 
an e n t i t y d e v o i d of a h a b i t a t , but t h e e d u c a t i o n a l 
h a b i t a t i s not s i m p l y i t s environment i n t e r m s of t h e 
i n d u s t r i a l model a s d e s c r i b e d by M i l l a r . I t w i l l a l s o 
i n c l u d e t h e need f o r human i n t e r a c t i o n , communication, 
and t h e u n d e r s t a n d i n g of t h a t p a r t of t h e e s s e n c e of 
t h e computer s y s t e m - i t s p u l s e p r o c e s s i n g c a p a b i l i t y -
r e l e v a n t t o t h e c r e a t i o n of a r o b o t i c d e v i c e . 
T h e r e i s a r e a l w o r l d , a f t e r s c h o o l , which u s e s , and 
i n c r e a s i n g l y s o , computer c o n t r o l l e d m achinery. The 
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impact of t h i s i s n o t s i m p l y a m a t t e r f o r t h o s e 
employed i n i n d u s t r y , i t c l e a r l y has i m p l i c a t i o n s -far 
t h e whole o-f our s o c i e t y . E d u c a t i o n has a 
r e s p o n s i b i l i t y t o equip a l l c h i l d r e n t o be capable and 
t h e c a p a b i l i t y t o t a k e an in-formed p l a c e i n our 
democracy i s n o t t o be d i s m i s s e d a t a l L 
Can a group o-f v e r y young c h i l d r e n cope w i t h a d e s i g n 
s i t u a t i o n which r e q u i r e s t h e i r i n v o l v e m e n t i n t o t a l 
i n d u s t r i a l a utomation? 
I n my i n t r o d u c t i o n I made c l e a r my i n t e n t i o n t o produce 
something o t h e r t h a n a w r i t t e n document, and t h e 
c h a l l e n g e of t h i s l a s t q u e s t i o n was what I s e t myself 
and l a t e r became known as 'The Automatic F a c t o r y ' ( 7 ) 
1= K i b a s i & M i l l s * 'Micros i n C o n t r o l ' . Personal 
Computer World. 1980= 
2= Browne. A. 'Robots — t h e p r e s e n t ' . E l e c t r o n i c s 
Systems News. I n s t i t u t i o n of E l e c t r i c a l E ngineers. 
Summer 19B6 
-3. C a r b e r r y . C. 'Robots ease b o t t l e n e c k i n PCB 
p r o d u c t i o n ' . P r o d u c t i o n Engineer. I n t i t u t e of 
P r o d u c t i o n Engineers. March 1986. 
4. G r i f f i t h s . AJ. & Lewis. HJ= 'Robots i n f o u n d r i e s ' . 
The P r o d u c t i o n Engineer. I n t i t u t e of P r o d u c t i o n 
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Engineers,, February 1936 = 
5. Casey = C. 'The -future l o o k s good f o r r o b o t s ' . The 
P r o d u c t i o n Engineer. I n s t i t u t e of P r o d u c t i o n Engineers-
September 1986= 
6= M i l l a r G„ 'Robots a r e here t o s t a y ' . Paper t o t h e 
t h i r d i n t e r n a t i o n a l m a n u f a c t u r i n g c o n f e r e n c e of t h e 
I n s t i t u t e of P r o d u c t i o n Engineers; I n d u s t r y year -
i n d u s t r y m a t t e r s . J u l y 19S6. 
7» France. CNL. 'The Automatic F a c t o r y ' . Sunderland 
P o l y t e c h n i c & MSCU 1987= (Appendix 3) 
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10. CONCLUSION 
I have lo o k e d a t t h e computer b o t h t h r o u g h t h e eyes o-f 
a te a c h e r and a d e s i g n e r , and found i t t o be something 
o-f an e l e c t r o n i c chameleon. Not o n l y i s i t o-f use as a 
range of t o o l s , b u t i t a l s o o p e r a t e s as an end i n i t s 
own r i g h t and i n a range of d i f f e r i n g r o l e s . I t i s 
d i f f i c u l t t o summarise i t s a p p l i c a t i o n s and i t comes as 
something of a r e l i e f t o r e a l i s e t h a t d e s c r i b i n g t h e 
computer i n terms of how i t has been made t o o p e r a t e i s 
no t e f f i c i e n t . The approach ought t o be t o ask, 'What 
i s i t t h a t a computer can NOT do?' 
The answer has t o do w i t h t h e way t h a t t h e machine i s 
pr e s e n t e d w i t h i n p u t , and t h e way t h a t t h e r e s u l t s of 
i t s p r o c e s s i n g a r e t h e n p r e s e n t e d t o t h e w o r l d o u t s i d e . 
I t i s t h e d e s i g n of t h e p e r i p h e r a l s which l i m i t s i t s 
f 1 ex i b i 1 i t y . 
At p r e s e n t , t h e common way t o communicate w i t h i t , i s 
w i t h an alpha-numeric keyboard and i t responds by u s i n g 
a v i s u a l d i s p l a y u n i t (VDU). I n t h e days o f 
W i l l i ams (1) , i n p u t was w i t h a s w i t c h and o u t p u t was a 
s i n g l e beam cathode r a y t u b e <CRT). N o t h i n g fundamental 
has changed — t h e keyboard i s merely a s e t of arranged 
and l a b e l l e d s w i t c h e s and t h e VDU i s a CRT w i t h more 
than one beam, and ch e m i c a l s which glow w i t h d i f f e r e n t 
c o l o u r s . 
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The way t h e computer r e c o g n i s e s each key and then 
d e cides upon t h e p o s i t i o n o-f t h e c h a r a c t e r on t h e 
screen and i t s c o l o u r , i s as v i t a l t o understand as t h e 
reason f o r t h e wheels on a car t o s t o p i f no p e t r o l has 
been p u t i n t o t h e -fuel tank* For many, l i f e under t h e 
bonnet, i s not something w i t h which t h e y want t o be 
d i s t r a c t e d . 
Whether t h i s s o r t of a t t i t u d e i s good -for a n a t i o n 
which depends upon economic v i a b i l i t y f o r i t s 
i n t e r n a t i o n a l r e p u t a t i o n i s a moot p o i n t , as i s whether 
t h e r e i s more t o l i f e t h a n u s i n g up t h e e a r t h ' s n a t u r a l 
r e s o u r c e s f o r what, i n t h a t c o n t e x t , would be s h o r t 
term b e n e f i t s * 
The f a c t r emains, however, t h a t t o use something 
complex does not always r e q u i r e knowledge of how i t 
works* T h i s , as I r e f e r r e d t o i n Chapter 8, i s a b l a c k 
box a t t i t u d e , and i t becomes p o s s i b l e t o d e s c r i b e 
happenings by t h e way i n which t h e b l a c k boxes i n a 
c o l l e c t i o n a r e seen t o i n t e r a c t . Such a c o l l e c t i o n i s 
known as a 'System', and Beishon summarised t h e concept 
i n f o u r p o i n t s w h i c h , when ta k e n as a whole, f o r m a 
d e f i n i t i o n s 
'1) An assembly of p a r t s or components connected 
t o g e t h e r i n an o r g a n i z e d way* 
2) The p a r t i c u l a r assembly has been i d e n t i f i e d by a 
human b e i n g as of s p e c i a l i n t e r e s t * 
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3) I n g e n e r a l , t h e p a r t s are a f f e c t e d by b e i n g i n t h e 
system and t h e y a r e changed i f t h e y l e a v e i t , 
4) Our assembly of p a r t s does something (b u t remember 
t h a t b e h a v i o u r may be not d o i n g something when t h e 
o u t s i d e w o r l d changes.)'.(2) 
As we have seen, t h e CDT approach i s d e s i g n based. I t s 
aim i s t h e s o l u t i o n of r e a l w o r l d problems by t h e 
p r o d u c t i o n of a r t e f a c t s . Such a r t e f a c t s may be v i s u a l 
or a u r a l d e s c r i p t i o n s of a p r o c e s s , b u t t h e aim i s 
always t o produce improvements t o t h e human c o n d i t i o n . 
The s o l u t i o n s h o u l d n o t t o be l i m i t e d by t e c h n i q u e , 
knowledge or m a t e r i a l s except where t h e r e a r e 
fundamental — r e a l w o r l d - c o n s t r a i n t s , and t h e y s h o u l d 
be r e c o g n i s e d as such so t h a t t h e i r e v e n t u a l removal 
can be s t r i v e n f o r . 
The i m p l i c a t i o n i s t h a t t h e t e c h n o l o g i s t i s f a c e d by an 
i m p o s s i b l e t a s k , t o be e x p e r t i n e v e r y t h i n g . T h i s i s 
not t r u e , t h e t e c h n o l o g i s t i s e x p e r t i n t h e s u c c e s s f u l 
assembly of b l a c k boxes. 
The advantage t o t h e s t u d e n t of t h e systems approach i n 
h i s f i e l d o f t e a c h i n g e l e c t r o n i c s , was d e s c r i b e d by 
F o x c r o f t . ' I t emphasises t h e f u n c t i o n of some c i r c u i t 
o r o t h e r and what i t can do r a t h e r t h a n how i t manages 
t o do i t . I t has t h e advantages t h a t s t u d e n t s a r e more 
q u i c k l y i n v o l v e d i n t h e d e s i g n of systems and i n what 
th e y might r e c o g n i s e as e l e c t r o n i c s , and t h e i r 
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a t t e n t i o n i s c o n c e n t r a t e d on t h a t r a t h e r t h a n on t h e 
d e v i c e around which t h e c i r c u i t i s b u i l t * ' ( 3 ) T h i s i s 
not an approach which a l l t e a c h e r s would f i n d 
a c c e p t a b l e , because, as Fo;-;croft a s s e r t s l a t e r , t h e 
s t u d e n t i s n o t c o n c e n t r a t i n g upon what might be 
d e s c r i b e d as t h e 'science of t h e d e v i c e ' ( 3 ) D I n s t e a d 
t h e d e v i c e s a r e c o n s i d e r e d t o be b l a c k boxes. 
I t i s t h i s concept of t h e system and i t s c o n s t i t u e n t 
sub—sy-stems (or black-boxes) which causes a dilemma i n 
t h e minds of some t e a c h e r s * I t i s i n t h e i r e x p e r i e n c e 
t h a t t h e r o l e o f t h e t e a c h e r i s t h a t of t h e e x p e r t * The 
jo b of t h e t e a c h e r i s t o f i n d ways i n which t h e i r black-
box ( t h e i r s u b j e c t ) can be opened and und e r s t o o d . 
However t h e r e a l i t y i s t h a t when t h e y open t h e box, i t 
c o n t a i n s a n o t h e r , and t h a t c o n t a i n s a n o t h e r , and so on 
— r e m i n i s c e n t o f Russian D o l l s . 
I f t h i s were n o t so, i t would be i m p o s s i b l e t o j u s t i f y 
t h e e x i s t a n c e of F u r t h e r E d u c a t i o n , l e t a l o n e 
U n i v e r s i t i e s ! Indeed each of t h e s e would argue t h a t a t 
some s t a g e t h e opening of a d o l l w i l l r e v e a l something 
more a k i n t o a ' T a r d i s ' , t h a t t e l e v i s i o n space c r a f t 
which i s b i g g e r i n s i d e t h a n i t s e x t e r n a l dimensions 
a c t u a l l y a l l o w . ( 4 ) 
To what depth s h o u l d t h e t a u g h t descend i n t h e 
u n d e r s t a n d i n g of t h e sub-system? The systems approach 
t o e l e c t r o n i c s d e l i b e r a t e l y a l l o w s t h e c r e a t i o n of 
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c i r c u i t boards and components which a r e easy t o g r a s p , 
and t h i s a c c u r a t e l y m i r r o r s r e a l l i f e . 
I n h i s a r t i c l e on Packet Radio, a method by which d a t a 
can be t r a n s m i t t e d by r a d i o i n smaJ. 1 , high—speed, 
'packets', each capable of b e i n g r e p e a t e d up t o t e n 
ti m e s u n l e s s an 'acknowledgement of r e c i e p t s i g n a l ' i s 
r e c i e v e d by t h e sender which a l l o w s i t t o send t h e next 
package, Wade uses a b l a c k box approach t o d e s c r i b e 
system components. He d e s c r i b e s a t y p i c a l ' s t a t i o n ' , 
c apable of sending and/or r e c i e v i n g as b e i n g composed 
of a t e r m i n a l , a t e m i n a l node c o n t r o l I e r ( T N C ) and a 
r a d i o . When we lo o k i n t o t h e t e r m i n a l , we see a 
computer and a VBU. He shows t h a t t h e TNC c o n t a i n s a 
'UART, CPU., ROM, NOVRAM, RAM, HDLC c o n t r o l l e r , Modem & 
PTT control'„(5) I n s i d e t h e r a d i o sub—system we f i n d a 
t r a n s m i t t e r , a r e c i e v e r and an antenna. Taking t h e 
r a d i o r e c e i v e r as a sub-system we f i n d t h a t , as P r i c e 
d e s c r i b e s i n h i s d e s i g n f o r a r a d i o r e c i e v e r , t h e r e a r e 
e i g h t f u r t h e r sub-systems w i t h i n i t s metal case.(6) 
N e i t h e r t h e antenna nor t h e power s u p p l y a r e h i s 
concern. 
We noted i n c h a p t e r 9 t h a t M i l l a r had w r i t t e n - 'and 
remember, i f you do no t p l a n e f f e c t i v e l y i n a l l o t h e r 
areas, t h e r o b o t s i m p l y w i l l n o t work.' (7) Here i s an 
i n d u s t r i a l d e s i g n e r a d v i s i n g t h e t a k i n g a whole w o r l d 
view of a f a c t o r y , i n o r d e r f o r t h e o p e r a t i o n o f one 
p a r t t o f u n c t i o n f o r t h e b e n e f i t of t h e f a c t o r y as a 
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whole = 
D i f f e r e n t l e a r n e r s s h a u l d be encouraged see t h e s y s t e m 
t h e y are w o r k i n g upon i n terms o-f a s e t of s u b - s y s t e m s . 
T h e i r a p p r e c i a t i o n of t h e i n t e r n a l compleKiti.es w i l l 
v a r y w i t h h i s / h e r s e l f - p e r c e i v e d 'need t o know'. The 
t e a c h e r has a l r e a d y r e c o g n i s e d t h e s o r t and depth o f 
knowledge and t e c h n i q u e s t h a t w i l l be t o t h e l e a r n e r s 
l o n g term advantage. 
R e t u r n i n g t o t h e s u b j e c t of c o n t r o l . I t i s not 
s t r a i g h t — f o r w a r d because, t h a t which i s t o be 
c o n t r o l l e d u s u s l l y e x h i b i t s n o n - l i n e a r change. However, 
by d e c l a r i n g t h e s u b j e c t of c o n s i d e r a t i o n t a by a 
system, t h e i d e n t i f i e d sub-systems can be d e s c r i b e d , 
whereupon models can be c o n s t r u c t e d , o p e r a t e d , 
i n f l u e n c e d and t h e i r b e h a v i o u r assessed. 
C i t y and B u i l d s 230/3, 'Robot Technology and C o n t r o l ' 
i d e n t i f i e s t h e f o l l o w i n g as 'elements i n a r o b o t 
c o n t r o l systems 
a) program 
b) i n p u t d e v i c e 
c) c o n t r o l l e r 
d) i n t e r f a c e s 
e) data s t o r a g e 
f ) a c t u a t o r s 
g) i n t e r n a l feedback t r a n s d u c e r s 
h) e x t e r n a l sensors.'(B) 
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Each o f t h e s e elements can be modelled and once t h e i r 
a c t i o n s a r e a p p r e c i a t e d by o b s e r v i n g t h e i r i n t e r a c t i o n , 
c h o i c e s can be made and t e s t e d againsed a r e a l w o r l d 
b r i of« 
I n p u t — process — o u t p u t — i n e a r l i e r y e a r s b o t h t h e 
use o f t h e w o o d t u r n i n g l a t h e and t h e c o n s t r u c t i o n of 
model steam engines c o u l d have been used i n t h e i r own 
p e c u l i a r ways t o develop t h i s concept. So c o u l d t h e 
m o d e l l i n g of wind and w a t e r m i l l s , though t h e i r 
p o p u l a r i t y as a c c e p t a b l e p r o d u c t s of t h e t r a d i t i o n a l 
workshop would, i t seems t o me, have been d o u b t f u l . 
W i t h i n t h e c o n t e x t of a c r o s s — l i n k e d c u r r i c u l u m l e a d i n g 
t o t r a n s f e r a b l e s k i l l s t h e y would have been seen as 
1audable. 
The c u r r i c u l u m i s r e q u i r e d t o have 'Breadth, Balance 
and Relevance'(9)„ By i t s d e f i n i t i o n , t e c h n o l o g y — i f 
i t i s t r e a t e d h o n e s t l y — w i l l be broad. The d e s i g n o f 
t h e c u r r i c u l u m i n which t h e school t e c h n o l o g y i s s e t 
w i l l , or w i l l n o t , ensure balance b u t t h e r e l e v a n c e can 
o n l y be assured i f t h e e x p e r i e n c e s of t h e p u p i l s can be 
seen by them t o r e f l e c t r e a l l i f e . The computer, w i t h 
t h e a b i l i t y t o u t i l i s e i t s m o d e l l i n g , s i m u l a t i n g and 
c o n t r o l c a p a b i l i t i e s can do much t o enhance p u p i l s 
p e r c e p t i o n s . 
The a b i l i t y of t h e computer t o m o n i t i o r and r e a c t w i t h 
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g r e a t speed makes i t a unique system — fr o m which i t i s 
no t p o s s i b l e t o j u s t i f y t e c h n o l o g i s t s b e i n g s eparated* 
As a p r e f a c e t o h i s t r a n s l a t i o n o f Beckmanns ' H i s t o r y 
of I n v e n t i o n s and D i s c o v e r i e s ' * Johnston w r o t e — 
'Germany, beyond a l l d i s p u t e , has g i v e n b i r t h t o more 
i m p o r t a n t d i s c o v e r i e s and i n v e n t i o n s t h a n any o t h e r 
p a r t of Europe? and gun—powder, p r i n t i n g , and a v a r i e t y 
of u s e f u l machines, w i l l remain l a s t i n g monuments of 
t h e i n v e n t i v e g e n i u s of t h e Germans* I n c h e m i s t r y and 
mechanics t h e y seem however t o have made t h e g r e a t e s t 
f i g u r e , and f o r t h i s a v e r y s a t i s f a c t o r y reason may be 
assigned* Germany, s i n c e t h e e a r l i e s t p e r i o d s , has been 
c e l e b r a t e d f o r i t s mines* To f a c i l i t a t e t h e l a b o u r of 
wor k i n g t h e r e machinery was necessaryg and t o e x t r a c t 
t h e metal f r o m t h e o r e , and t u r n i t t o advantage 
r e q u i r e d a knowledge of chemical o p e r a t i o n s . N e c e s s i t y 
i s s a i d t o be t h e mother of i n v e n t i o n ? and i t i s 
n a t u r a l t o suppose t h a t a people w i l l always employ t h e 
e f f o r t s of t h e i r g e n i u s on t h o s e o b j e c t s f r o m which 
t h e y a r e most l i k e l y t o d e r i v e b e n e f i t * 
I n t h e h i s t o r y of chemical d i s c o v e r i e s and mechanical 
i n v e n t i o n , above a l l p r o f e s s o r Bechmann has e n j o y e d , 
t h e r e f o r e , an advantage which might have been w a n t i n g 
t o a w r i t e r of any o t h e r n a t i o n * I t w i l l r e q u i r e no 
g r e a t s a g a c i t y t o d i s c o v e r , t h a t a l l u s i o n i s here made 
t o t h e o p p o r t u n i t i e s he had of c o n s u l t i n g many German 
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works, l i t t l e o r perhaps n o t known i n o t h e r p a r t s of 
Furope and of s e a r c h i n g a n c i e n t a nnals and p u b l i c 
r e c o r d s never b e f o r e drawn from t h e i r o b s c u r i t y t o g i v e 
t e s t i m o n y i n f a v o u r of t h e a r t s . He indeed seems t o 
have a p p l i e d t o e v e r y source t h a t was l i k e l y t o e n r i c h 
h i s s u b j e c t p and t h e v o l u n t a r y c o n t r i b u t i o n of l e a r n e d 
f r i e n d s enabled him t o e n l a r g e h i s work w i t h much 
u s e f u l i n f o r m a t i o n , f o r which he expresses on s e v e r a l 
o c c a s i o n s h i s g r a t e f u l acknowldgement.'(10) 
Technology i n s c h o o l s i s t h e s u c c e s s f u l a p p l i c a t i o n of 
whatever systems p u p i l s have an a p p r e c i a t i o n o f . To 
t h i s end i t i s r e q u i r e d t o have access t o a wide range 
af sub—systems, and t o engender i n t h e young t h e 
a b i l i t y t o t a k e t h e 'whole w o r l d view'. The d e s i g n 
b r i e f , t h e e x p e r i e n c e , t h e knowledge - t h e c a p a b i l i t y . 
The t e c h n o l o g i s t i s indeed a j a c k of a l l t r a d e s - and 
master of one. 
1. W i l l i a m s . FG. ' E a r l y Computers a t Manchester 
U n i v e r s i t y ' . Royal S o c i e t y . 1975. 
2. Beishon. J. 'Systems'. T100/1 Open U n i v e r s i t y Press 
1971. 
3. F o x c r o f t . GE. The Systems approach t o e l e c t r o n i c s . 
E l e c t r o n i c s Systems News, Jan. 1983. 
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Appendix 1- 'Betraqe zur G e s h i c h t e der E r f i n d u n g e n ' . 
Johann Beckmann. (1820/91) 
The t h r e e volumes o-f t h i s h i s t o r y of i n v e n t i o n s c o n t a i n 
t h e f o l l o w i n g c o n t e n t s l i s t s s -
Vnl i.f. me 1 . 
I t a l i a n book keeping. 
Odometer — i n s t r u m e n t f o r measuring roads. 
Machine f o r n o t i n g down music. 
R e f i n i n g g o l d and s i l v e r o r e by q u i c k s i l v e r . 
Dry g i l d i n g . 
Gold v a r n i s h . 
T u l i p s . 
Canary—bi r d . 
A r g o l . 
Magnetic c u r e s . 
Secret p o i s o n . 
Bel lows. 
Coaches. 
Water c l o c k s . 
T u r m a l i n . 
Speaking t r u m p e t . 
Ananas or P i n e — a p p l e . 
Sympathetic i n k . 
D i v i n g b e l l . 
Coloured g l a s s . A r t i f i c i a l r u b i e s . 
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S e a l i n g wax= 
Corn—mills« 
V e r d i g r i s e or Spanish green. 
S a f f r o n . 
Alum. 
F a l c o n r y * 
T u r f ( f i r e s ) = 
A r t i c h o k e * 
Saw—mi l i s . 
Stamped paper. 
Insurance* 
A d u l t e r a t i o n of wine* 
Clocks and watches* 
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Volume 2. 
A r t i f i c i a l p e a r l s . 
Paving o f s t r e e t s . 
C o l l e c t i o n s of n a t u r a l c u r i o s i t i e s . 
Chi mneys. 
Hungary—waiter. 
Cor k. 
A p o t h e c a r i e s . 
Q u a r a n t i n e . 
Paperhangings. 
Kermes - C o c h i n e a l . 
W r i t i n g pens. 
Wire drawing. 
Buck-wheat. 
Saddles. 
S t i r r u p s . 
Horse shoes. 
F l o a t i ng of wood. 
Lace. 
U l t r a m a r i n e . 
C o b a l t . Z a f f e r . Smalt. 
Turkeys. 
B u t t e r . 
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Volume 3 
Green f l o w e r s . 
L e n d i n g houses* 
Chemical names of m e t a l s . 
Z i n c . 
B o o k - c e n s o r s . 
E x c l u s i v e p r i v i l e g e f o r p r i n t i n g books-
C a t a l o g u e s = 
Aurum f u l m i a n s . 
Carp. 
Camp-mi l i s . 
M i r r o r s . 
G l a s s Cutting„ 
E t c h i n g on g l a s s . 
Scap» 
Madder-plant . 
Ju.ggl e r s . 
Camel= 
A r t i f i c i a l i c e . C o o l i n g l i q u o r s . 
Hydrometer . 
L i g h t i n g of s t r e e t s . 
N i g h t n a t c h . 
L e a f s k e l e t o n s . 
B i l l s of exchange. 
As t r a n s l a t e d by W i l l i a m J o h n s t o n . 
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37,WILL0{*STREE AVE =, 
GILES6ATE MOOR, 
CITY OF DURHAM. 
DH1 1EA = 
16-5-86„ 
Dear Mr Grimshaw, 
I am u n d e r t a k i n g a r e s e a r c h p r o j e c t 
i n t o a s p e c t s of C o n t r o l T e c h n o l o g y i n Education,, 
I would l i k e t o be a b l e t o a s s e s s 
where, and t o what d e g r e e , t h e A u t h o r i t y h a s i t s 
t e a c h i n g r e s o u r c e , 
I s i t p o s s i b l e -for you t o -fu r n i s h me 
><?ii t h a n s w e r s t o t h e -Following q u e s t i o n s ? 
. a) What a r e t h e p u r p o s e s of t h e T R I S T 
m i c r o e l e c t r o n i c s c o u r s e s which have been p r o v i d e d t h i s 
c a l e n d e r y e a r a t P e t e r l e e C o l l e g e ? 
b) Why have t h e s e T R I S T c o u r s e s been of d i f f e r e n t 
d u r a t i o n ? 
c ) What was t h e p o l i c y of t h e A u t h o r i t y w i t h 
r e s p e c t t o t h e advertisement: of t h e s e c o u r s e s i n i t s 
s c h o o l s ? 
d) To t e a c h e r s i n which c u r r i c u l u m / s u b j e c t a r e a s , 
d i d t h e a u t h o r i t y b e l i e v e t h e s e c o u r s e s would be of 
i n t e r e s t ? 
e ) Has t h e a u t h o r i t y a n a l y s e d t h e 
c u r r i c u l u m / s u b j e c t a r e a s r e p r e s e n t e d by t h o s e t e a c h e r s 
a c c e p t e d onto t h e c o u r s e s ? 
f ) I f s u c h an a n a l y s i s h a s been done, (or w i l l be 
d o n e ) , would t h e A u t h o r i t y be p r e p a r e d t o f u r n i s h me 
w i t h i t s f i n d i n g s ? 
g) Does t h e A u t h o r i t y i n t e n d t o m o n i t o r , and/or 
f u r t h e r t h e e f f e c t s of t h e s e courses§ and i f s o , how? 
On a more g e n e r a l theme, may I e n q u i r e 
how t h e A u t h o r i t y c o - o r d i n a t e s i t s approach t o t h e 
p r o v i s i o n of r e s o u r c e s i n r e s p e c t of e l e c t r o n i c s , 
m i c r o - e l e c t r o n i c s , m i c r o - p r o c e s s i n g , w o r d — p r o c e s s i n g 
and e t c e t e r a ? 
Y o u r s s i n c e r e l y , 
C.N.L. F r a n c e . 
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D. J . W . SowaOl l , B.A.. M.Ed.. 
Director of E d u c a t i o n 
Please dddress any reply to 
The Director of Educat ion, 
County Hall, 
Durham, 
DH1 5'JJ. 
KBG/AH Your reference Tel: Durham 64411 (STD Code 0385) Ext. 2319 
2 7 t h June 1986 
Dear Mr. F r a n c e , 
Thank you f o r y o u r l e t t e r c o n c e r n i n g t h e development o f 
T R I S T i n t h e A u t h o r i t y . 
P r a c t i c a l E l e c t r o n i c s was a d v e r t i s e d i n s c h o o l s on 3 r d 
December 1985. The a d v e r t i s e m e n t was d i r e c t e d t o Heads o f 
S c i e n c e v i a Head T e a c h e r s and was s e n t by t h e S c i e n c e A d v i s e r . 
Only S c i e n c e s t a f f a t t e n d e d t h e c o u r s e w h i c h r a n f o r a t o t a l o f 
17 days a t t h e c o l l e g e . The s t a t e d aim o f t h e c o u r s e was " t o 
p r o v i d e s u p p o r t f o r t e a c h e r s who i n t e n d t o o r a r e a t p r e s e n t 
t e a c h i n g . e l e c t r o n i c s t o t h e a b o v e - f o u r t e e n age r a n g e " . 
R e t r a i n i n g f o r M i c r o e l e c t r o n i c s T e a c h i n g was a d v e r t i s e d i n 
s c h o o l s on 14th J a n u a r y 1986 and was t a r g e t t e d a t " l o w e r 
s e c o n d a r y s c h o o l t e a c h e r s w i t h an i n t e r e s t o r i n v o l v e m e n t i n t h e 
t e a c h i n g of Microelectronics"„ " F o u r t e e n t e a c h e r s a t t e n d e d t h e 
c o u r s e ( t h a t i s a i l t h o s e who a p p l i e d ) . Of t h e s e o n l y one was.a 
CDT t e a c h e r . One t e a c h e r o f computer s t u d i e s a t t e n d e d and t h e 
r e s t were S c i e n c e ( m a i n l y P h y s i c s ) t e a c h e r s . The c o u r s e 
d u r a t i o n was 3 d a y s . The s t a t e d aim o f t h e c o u r s e was t o 
" i n t r o d u c e t h e s y s t e m s a p p r o a c h t o t e a c h i n g M i c r o e l e c t r o n i c s and 
t o a s s i s t i n t h e i n t e g r a t i o n o f M i c r o e l e c t r o n i c s i n t o t h e s c h o o l 
c u r r i c u l u m . 
With r e f e r e n c e t o q u e s t i o n ( d ) s 
T h e r e a r e a s p e c t s o f m i c r o e l e c t r o n i c s w h i c h a r e o f 
i n t e r e s t , e i t h e r d i r e c t l y o r i n a s s o c i a t i o n w i t h new t e a c h i n g 
a p p r o a c h e s , i n many a r e a s o f t h e c u r r i c u l u m . O b v i o u s examples 
would be: 
(a) E l e c t r o n i c s - a s a s u b j e c t i n i t s own r i g h t . 
(b) E l e c t r o n i c s i n C o n t r o l T e c h n o l o g y - an a r e a o f major 
i n t e r e s t t o CDT t e a c h e r s . 
( c ) E l e c t r o n i c s i n Computing - computer c o n t r o l i s o f i n t e r e s t 
i n many a r e a s o f the c u r r i c u l u m . 
(d) E l e c t r o n i c s i n S c i e n c e - many P h y s i c s s y l l a b u s e s i n v o l v e 
some a s p e c t s o f E l e c t r o n i c s though u s u a l l y on an a n a l y t i c a l 
r a t h e r t h a n a d e s i g n and a p p l i c a t i o n l e v e l . T h e r e i s a l s o 
a l o t o f p o t e n t i a l f o r u s i n g E l e c t r o n i c s i n s c i e n t i f i c 
measurements and d a t a c o l l e c t i o n . 
(e) E l e c t r o n i c s a s a t e a c h i n g a i d f o r t e a c h e r s of c h i l d r e n w i t h 
s p e c i a l n e e d s . 
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( f ) E l e c t r o n i c s i n R u r a l S c i e n c e and E n v i r o n m e n t a l S t u d i e s -
t h e s c o p e f o r s e n s i n g and c o n t r o l o f e n v i r o n m e n t a l 
c o n d i t i o n s i s a t l e a s t a s g r e a t a s i t i s i n S c i e n c e -
Weather c o n d i t i o n s can be m o n i t o r e d ( t e m p e r a t u r e , p r e s s u r e , 
h u m i d i t y , r a i n f a l l , l i g h t c o n d i t i o n s , wind=speed and 
d i r e c t i o n ) . S o i l m o i s t u r e c o n t e n t and a c i d i t y c a n a l l be 
m o n i t o r e d w i t h r e l a t i v e e a s e . 
(g) E l e c t r o n i c s i n t h e P r i m a r y S c h o o l •= i t c a n be u s e d a s a new 
a p p r o a c h t o a c h i e v i n g many e d u c a t i o n a l o b j e c t i v e s i n the 
p r i m a r y s c h o o l . The " W i r r a l E l e c t r o n i c s Pack" i n 
p a r t i c u l a r h a s been u s e d t o i n t r o d u c e c h i l d r e n t o problem 
s o l v i n g s i t u a t i o n s , d e s i g n , numeracy, group work, language 
and many o t h e r p u p i l - c e n t r e d a c t i v i t i e s . 
(h) E l e c t r o n i c s i n M u s i c - m u s i c a l a p p l i c a t i o n s of E l e c t r o n i c s 
a n d ~ M i c r o e l e " c " t r o h i c s a r e w e l l d e v e l o p e d i n i n d u s t r y and 
o f f e r new a p p r o a c h e s t o t h e t e a c h i n g o f m u s i c . 
( i ) E l e c t r o n i c s i n P h y s i c a l E d u c a t i o n - t h i s i s an a r e a w h i c h 
a s y e t i s r e l a t i v e l y untouched by new t e c h n o l o g y and where 
a l o t of scope e x i s t s f o r new t e a c h i n g a p p r o a c h e s . 
( j ) An a w a r e n e s s o f M i c r o e l e c t r o n i c s , i t s i m p a c t i n s o c i e t y , 
p o t e n t i a l and l i m i t a t i o n s s h o u l d be p a r t o f e v e r y c h i l d ' s 
e d u c a t i o n . 
I t i s o b v i o u s t h a t E l e c t r o n i c s / M i c r o e l e c t r o n i c s , l i k e 
Computing, Maths., o r Language, does not i n g e n e r a l " b e l o n g " i n 
any one s u b j e c t a r e a . T h i s o b v i o u s l y has i m p l i c a t i o n s f o r 
c u r r i c u l u m and s t a f f development. I t i s i m p o r t a n t t h a t t h e 
A u t h o r i t y t r i e s t o a v o i d the i n t r o d u c t i o n o f E l e c t r o n i c s i n t o 
s c h o o l s and c o l l e g e s t o o c c u r on an ad hoc b a s i s . T h i s a l s o 
a p p l i e s to t h e p r o v i s o n o f INSET c o u r s e s o r s t a f f development 
programmes. 
As f a r a s t h e T R I S T programme i s c o n c e r n e d , t h e A u t h o r i t y 
has t r i e d t o e n s u r e t h a t c o u r s e s a r e w i d e l y a d v e r t i s e d i n 
s c h o o l s by c i r c u l a t i n g i n f o r m a t i o n t h r o u g h head t e a c h e r s t o a l l 
t e a c h e r s i n t h e s c h o o l . Some c o u r s e s a r e r e a l l y c o n t i n u a t i o n o f 
p r e v i o u s INSET and i n t h e s e c a s e s a more r e s t r i c t e d c i r c u l a t i o n 
h a s been u s e d . However, we would n o r m a l l y c i r c u l a t e a l l members 
of s t a f f c o n c e r n i n g E l e c t r o n i c s c o u r s e s b e c a u s e i t i s not 
b e l i e v e d t h a t P h y s i c s o r CDT o r any o t h e r s u b j e c t a r e a can c l a i m 
t h a t t h e i r t e a c h e r s a r e more s u i t e d t o t h e t e a c h i n g o f a s u b j e c t 
w h i c h c r o s s e s many b o u n d a r i e s . 
I t i s i n t e n d e d t h a t a l l T R I S T c o u r s e s w i l l be c a r e f u l l y 
m o n i t o r e d and t h i s s h o u l d be t h e norm f o r a l l INSET c o u r s e s . 
The a p p r o a c h adopted t o m o n i t o r i n g ' c a n be e x p e c t e d to v a r y from 
c o u r s e t o c o u r s e depending on t h e p r e v a i l i n g c o n d i t i o n s . F o r 
example a d i f f e r e n t a p p r o a c h may be p o s s i b l e f o r INSET c o u r s e s 
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ru n a t t h e M i c r o t e c h n o l o g y C e n t r e from t h a t p o s s i b l e f o r c o u r s e s 
run e i t h e r i n s c h o o l s o r by a n o t h e r a u t h o r i t y on our b e h a l f . I n 
g e n e r a l , i t would be c o n s i d e r e d p r e f e r a b l e t o m o n i t o r and 
e v a l u a t e c o u r s e s from a l l r e l e v a n t v i e w p o i n t s . We a r e 
i n t e r e s t e d i n t r y i n g t o e v a l u a t e c o u r s e s i n terms of 
e f f e c t i v e n e s s ( e v e n t u a l l y i n t h e c l a s s r o o m ) and value-for-money» 
F o l l o w - u p t o c o u r s e s i s an a r e a w h i c h needs t o be i n v e s t i g a t e d 
i n some depth. A g a i n t h e p a t t e r n adopted w i l l need t o be v a r i e d 
a c c o r d i n g to c i r c u m s t a n c e but t h e r e a r e f i n a n c i a l a s w e l l a s 
e d u c a t i o n a l i m p l i c a t i o n s t o be t a k e n i n t o c o n s i d e r a t i o n . You 
a r e welcome t o i n f o r m a t i o n about m o n i t o r i n g and e v a l u a t i o n b ut 
i n g e n e r a l i t i s e x p e c t e d t h a t s o l i d o p i n i o n s i n t h i s a r e a w i l l 
o n l y emerge o v e r an e x t e n d e d p e r i o d o f time p a r t i c u l a r l y a s we 
a r e t r y i n g t o r e s p o n d t o f e e d b a c k by m o d i f y i n g a p p r o a c h e s a s we 
p r o c e e d . 
Y o u r s s i n c e r e l y , 
Mr. C. N. L. F r a n c e , 
37 W i l l o w t r e e Avenue, 
G i l e s g a t e Moor, 
Durham. 
DM1 1EA. 
V 0 *m DURHAM E Q U I T Y COUNCIL 
Director of Educat ion 
D, J. W. Sowell . B.A. , M.Ed. 
T h e Director of E d u c a t i o n , 
County Hall , 
Durham DH1 5 U J . 
PII.VISI.' nd< truss :inv runly to 
My reference GRDD/SR Your reference Tel: Durham 64411 (STD Code 0385) Ext. 273 
21st August, 1979 
Dear Mr. France, 
Thank you for your enquiry of 20th July, 1979, regarding Schools/ 
Industry l i n k s and the response of th i s Authority to the recent D.L'.S. 
C i r c u l a r . In Durham County a number of i n i t i a t i v e s had already been 
taken prior to the issue of the D.E.S. C i r c u l a r , notably the setting up 
of a network of Careers Associations i n the County, attended by teachers, 
employers and Careers O f f i c e r s . However the regional conferences chaired 
by S h i r l e y Williams (styled as the Great Debate)', the D.E.S. Green Paper, 
and subsequent c i r c u l a r s undoubtedly gave impetus to the work of these 
Associations. 
Perhaps the most dramatic evidence of the County's i n t e r e s t in 
developing schools/industry l i n k s was the 'setting up in 1978 of the 
Durham Industry Commerce Associations (or D.I.C.E.). I have enclosed 
some background information on D.I.C.E. and i t s a c t i v i t i e s . Since the 
inaugural meeting in March, 1978 the Association has gone from strength 
to strength and now has i t s own Newsletter. In addition to the" Mathematics 
Working Party referred to in the enclosure, D.I.C.E. now has Working 
Parties on Schools-Based Work Experience, English as a Means of Communication, 
Common Reference Forms and Audio Visual Aids - a l l of which are producing 
tangible r e s u l t s , D.E.S. and the Schools Council have recently shown an 
in t e r e s t in D.I.C.E. 
For further d e t a i l s about the Association's a c t i v i t i e s I suggest 
that you contact Miss J.O. Ritchie, D i s t r i c t Careers O f f i c e r for Wear 
Valley and Teesdale at the following address:-
Mr. C.N.L. France, 
yb Moor Crescent, 
High Grange Estate, 
Gilesgate Moor, 
Durham City. 
Dill LDL 
Careers Officer, 
Cradock V i l l a s , 
Bishop Auckland, 
Co. Durham. 
I trust that t h i s information i s helpful. 
Yours s i n c e r e l y , 
County Careers O f f i c e r 
Thr I'K'i'ci r; l.'in.i ilf.ilt with Ity 
Mr. G.R.D. Dick 
Piapanrtmoinit @f Edyeatooim surad] SCOOBTXD© 
Elizabeth House York Road London SE1 7PH 
Tologrums Aristides London Telox 23171 
Telephone 01 -928 9222 ext 
1 
I'll- ClirLsluplujr N L France 
87 Moor Crescent 
Cdlesgate Moor 
WUillAM CITY 
DHI -IDL. 
Your rofurencii 
Our reference 
D a , e 0^ > July 1979-
bear Mr France 
Thank you for your l e t t e r of Ik May about your research project on the means of 
keeping the public informed of important aspects of technical innovation. I am 
sorry you have not had an e a r l i e r reply. 
The Department employs a number of means of informing the public of important 
technological developments, but you w i l l appreciate that our primary concern i s 
Willi tin: cduca I.ional impl.i en Lion.-; of such advance:,. 
Information i s distributed v i a a number of means, for example Pre..;.'; release:., 
Parliamentary Do baton and Quest i.on.v; (published in Hansard), in Min i r.tnrinl spr-oehos 
(which generally a t t r a c t Press coverage), through information l e a f l e t s published 6y 
Lho bii>, cix'culax' l e t t e r s and adrninistx-ativc memoranda (primarily directed to our 
partners in the education s e r v i c e ) . The Department also handles a large volume of 
correspondence from members of the public, and i n t h i s way attempts to provide a 
personalised ini'ox'ination s e r v i c e . The DES also maintains close l i a i s o n with many 
other bodies - in p a r t i c u l a r other Government Departments and representatives of 
the education s e r v i c e . 
In your l e t t e r you expressed youx- concern, which we share, that witn the present 
rapid changes i n society and technology many people may not be aware of the i n d u s t r i a l 
basis of our economy. The Department i s concerned to help young people and adults 
a l i k e to develop a better understanding of the c r u c i a l role of industry, and lias 
taken steps to encourage better l i a i s o n between education and industry and commex-ce. 
For example, a c i r c u l a r l e t t e r was issued l a s t year to l o c a l education o f f i c e r s to 
s t r e s s the importance of forging closer l i n k s between schools and l o c a l fixing. A 
copy of t h i s l e t t e r i s enclosed. At the other end of the academic sca l e , the 
Science Keseax'clx Council i s a c t i v e l y promoting schemes which bring industry and 
u n i v e r s i t y departments together to pursue research of mutual i n t e r e s t . There are 
also many examples of i n d u s t r i a l l i a i s o n i n Higher and Further Education. 
One of the most important technological developments i s the rapid progress being 
made in micro-electr-onics technology. This i s c l e a r l y an area which w i l l have 
powerful s o c i a l axid economic repercussions, and the Department i s engaged i n urgent 
discussion to assess the implications for the education s e r v i c e . &• QiKGttlajVXetter 
MU^LM^0lf^^r^^xncc then considerable progress has been made i n working out more 
detailed proposals, t-'aj^s^te^.^ . 
and a co; y i s accordingly enclosed. E a r l i e r t h i s year a consultative document was 
issued describing, plans l o r a l2S$2^^s^^^^&!SS^i!SSSSSSS^} to help schools and 
college:; become aware of the potential of micro-electronics. JC^j&dose a copy for 
your information. £gES3KgSasay^>P2^ £WieW..itt .fch© -light 
BhSS&BJAM&^&mm&*m®• A ° f i ° o n u « a n-/ plane have been fr.iven Minir.tnriul 
approval, d e t a i l s w i l l bo released to the Press lor publication. 
The IJKS recognises that an approprtalr response to the new technology must necossar 
include the provision oi' I t-cluiical course.'', to train the specialist.-; who w i l l be 
iw:edecl by industry. However, i t i s also irnpo r tan l to develop non-trclinieal 
education to f a m i l i a r i s e adultr, and children a l i k e with the p o t e n t i a l widespread 
uses oi' microprocessors, to help them to adjust to 1.1 i c rapid change-: society c . u i 
Oxpec t to see in Lite next J ew years. 
I hope that this i s the kind of information which you were seeking. I f i can he 
o i any further assistance, please do not hesitate to contact me. 
lours sincerely 
M L> Coldspink. 
37,WILL0WTREE AVE., 
GILESGATE MOOR, 
CITY OF DURHAM,, 
DH1 1EA„ 
16-11-85 
Dear 
I am p a r t of a team a t t h e U n i v e r s i t y of 
Durham I n s t i t u t e of E d u c a t i o n , c o n d u c t i n g r e s e a r c h i n t o 
t h e a p p l i c a t i o n s o-f computers i n e d u c a t i o n . 
As a t e a c h e r my p r o f e s s i o n a l i n t e r e s t s 
l i e i n t h a t a r e a o-f t h e c u r r i c u l u m known a s C r a f t , 
D e s i g n and T echnology and I am d i r e c t i n g my 
i n v e s i g a t i o n s t o w a r d s t h e f i e l d of C o n t r o l E n g i n e e r i n g 
i n S e c o n d a r y and P r i m a r y s c h o o l s * 
The R oyal S o c i e t y of A r t s , i n i t s 
m a n i f e s t o " E d u c a t i o n f o r C a p a b i l i t y " , ( t o which you a r e 
a - s i g n a t o r y ) , r e c o g n i s e s t h a t to_ be w e l 1 - b a l a n c e d s 
e d u c a t i o n "must a l s o i n c l u d e t h e e x e r c i s e of c r e a t i v e 
s k i l l s , t h e competence t o u n d e r t a k e and c o m p l e t e t a s k s 
and t h e a b i l i t y t o cope w i t h e v e r y d a y l i f e p and a l s o 
doing a l l t h e s e t h i n g s i n c o - o p e r a t i o n w i t h o t h e r s . " 
( P a r a 2) 
T h i s q u o t a t i o n i s a p a r t of i t s c r i t i c i s m 
of c u r r e n t e d u c a t i o n a l p r a c t i s e . The a s s e r t i o n b e i n g 
t h a t e d u c a t i o n i s not c a t e r i n g f o r s u c h r e q u i r e m e n t s . 
However, c u r r i c u l u m d e s i g n which e n c o u r a g e s t h e 
f o s t e r i n g of t h o s e q u a l i t i e s was b e i n g promulgated i n 
C o l l e g e s i n 1967 when I was b e i n g t r a i n e d . I am bound 
t o a s k , i f C o l l e g e s of E d u c a t i o n were t r a i n i n g new 
t e a c h e r s t o r e c o g n i s e t h e need f o r a new d i r e c t i o n i n 
t h e a s s e s s m e n t of academic s u c c e s s i n 1967, why a r e you 
and your c o - s i g n a t o r i e s c u r r e n t l y i n t h e p o s i t i o n of 
h a v i n g t o move a "new" i n i t i a t i v e ? 
The t h i r d p a r a g r a p h of t h e m a n i f e s t o 
r e c o g n i s e s a c u l t u r e c o n c e r n e d w i t h "doing, making and 
o r g a n i s i n g , and t h e c r e a t i v e a r t s . " The e d u c a t i o n of 
t h i s c u l t u r e i s t o be c a t e r e d f o r . I n t h e l i g h t of t h e 
aims of t h e S o c i e t y , I i n t e r p r e t t h i s " c u l t u r e " a s t h e 
S o c i e t y ' s p e r c e p t i o n of our N a t i o n per s e . To what 
e x t e n t t h e n , a r e we t o s e e t h e i n f l u e n c e s of I n d u s t r y 
and Commerce i n t h e p r o c e s s of E d u c a t i o n , and how w i l l 
t h i s e x t e n t be measured? 
Those r e q u i r e m e n t s of e d u c a t i o n , a s 
i d e n t i f i e d i n t h e M a n i f e s t o , a r e not new, and have been 
i n c l u d e d i n s c h o o l s c u r r i c u l a . What h a s changed, I 
would s u g g e s t , h a s been t h e u s e t o which t h e y a r e put 
by t h e s c h o o l l e a v e r . I s t h e r e p e r h a p s a l a c k of 
a p p r e c i a t i o n of h i s / h e r f l e x i b i l i t y both by e m p l o y e r s 
and o t h e r s , p o s s i b l y f o s t e r e d by t h e r e l a t i v e l y 
" o l d - f a s h i o n e d " e n v i r o n m e n t s and r e s o u r c e s t o which t h e 
s c h o o l p u p i l i s e x p osed? 
I would hope t h a t p e r h a p s you might a l s o 
be p r e p a r e d t o c o n s i d e r t h e f o l l o w i n g dilemma. I f t h e 
p r e p a r a t i o n of i n d i v i d u a l s f o r t h e w o r l d of i n d u s t r y 
and commerce r e q u i r e s s k i l l s which can be d e v e l o p e d i n 
ways which do not need t h e hands—on u s e of new 
t e c h n o l o g y , would s u c e s s be r e c o g n i s e d ? I f n o t , i t 
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would seem t o i m p l y t h a t e d u c a t i o n needs t o be newly 
r e s o u r c e d and I wonder what a s p e c t s of i n d u s t r y and 
commerce you would c o n s i d e r i m p e r a t i v e t o be i n c l u d e d 
i n t h e hardware r e s o u r c e s o-f s c h o o l s ? F u r t h e r m o r e , t h e 
M a n i f e s t o s e p a r a t e s " e d u c a t i o n " and " t r a i n i n g " ? c l e a r l y 
t h e r e i s good r e a s o n -for t h i s = I f i n d u s t r y and commerce 
wi s h t o i n f l u e n c e t h e c o n t e n t of c u r r i c u l u m , how e l s e 
can i t be done w i t h o u t a p p e a r i n g t o be a d v o c a t i n g 
" t r a i n i n g " or w i t h o u t i n f l u e n c i n g t h e c o n t e n t of t h e 
P u b l i c EMamination S y l l a b u s e s ? 
And would t h i s second be p r o d u c t i v e i n 
view of t h e a b y s m a l l y low r e g a r d w i t h which B r i t i s h 
U n i v e r s i t i e s r e c o g n i s e t h e c u r r e n t r e l e v a n t 'A' l e v e l s ? 
(A s t r a n g e dichotomy s i n c e t h e y s e t and s u p e r v i s e t h e 
a s s e s s m e n t of t h e c o n t e n t ! ) 
I t i s not my w i s h t o d i v e r t your 
a t t e n t i o n s from your p r i m a r y i n t e r e s t , but I hope you 
w i l l a p p r e c i a t e t h a t I cannot hope t o conduct 
m e a n i n g f u l r e s e a r c h w i t h o u t t h e a s s i s t a n c e of t h o s e who 
a r e c u r r e n t l y i n v o l v e d i n t h e " n u t s and b o l t s " , s o t o 
speak * 
Thank—you f o r your time. 
Y o u r s s i n c e r e l y . 
C= N= L . F r a n c e . 
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13th December 1985 
Mr C France 
37 Willowtree Avenue 
Gilesgate Moor 
City of.Durham 
DH1 Hi A 
ThanK you for your l e t t e r of 16th November. Please accept my apology for 
taking a month to reply, but I have been very busy, not l e a s t because of 
the publication of the Report of* the Archbishop of Canterbury' s Commission 
on Urban P r i o r i t y Areas, c a l l e d Faith i n the Cit y Might I suggest you 
.would find t h i s report helpful i f you wish to know-my mind on issues you 
r a i s e . ( I was Vice Chairman of the Commission). Pages 295 to 300 or so 
might be s p e c i a l l y useful. 
Don't you think that i t i s rather for you, as a researching educationalist, 
than for me, a l l things considered, to answer your question, ' i f Colleges 
of Education were training new teachers to recognise the need for a new 
direction in the assessment of academic success i n 1967, why are you and 
your eo--signatories currently in the position of having to, move a 'new' 
i n i t i a t i v e ? ' I t might be a point for me to make as a Bishop, to help you, 
that every generation has to come again and again, with God's grace, to the 
task of r e a l i s i n g God's Kingdom on earth, because i t i s in the nature of 
things that things i n this world go wrong rather than right! 
Many points in the Report I have invited you to read - not l e a s t because we 
regard what we have to say to be of the utmost urgency - have been made 
before in the course of the l a s t one hundred years and more: we have to say 
them again and again in re l a t i o n to present-day circumstances because 
people do not l i s t e n or don't want to l i s t e n or f a i l to give them our 
p r i o r i t y , or genuinely disagree. 
I f^e^aasol? "x^jgj? ^"•Jcc^ <^</W^a^>la^J,<s 
^ U k ^ l A3<«7\<?C / o Ihp „ c^i^ n^s<^<s o<s#<**C 
I **vC&\ <=o>i L*J>& <0>^  c^=^ 0 „ 
m 
WW 7^ 
Carlton, Bedfordshire. Telephone 720077 (STD 02 
larences 
ase ash lor 
. extension 
ase address 
r reply to 
Mr C N L France BA(Hons)A dip Ed Cert Ed 
37 Willowtree Avenue 
Gilesgate Moor 
City of Durham DH1 1EA 
9 December 1985 
Dear Mr France 
Thank you for your in t e r e s t i n g l e t t e r o*f November 16. 
Rather than t r y i n g to respond t o each part of your l e t t e r i n d e t a i l i n 
w r i t i n g , I would suggest that you might f i n d i t h e l p f u l t o discuss the issues 
raised with colleagues w i t h i n B r i t i s h School of Technology of which I am 
Chairman. 
NST i s the national organisation most closely involved i n the p r a c t i c a l 
aspects of the points you raise,, and I would suggest that you contact t h e i r 
Executive Secretary,, Geoff Wainwright } to arrange a discussion with him and 
his colleagues. His address i s B r i t i s h School Technology, Carlton, 
Bedfordshire MK43 7LF. Telephone: Bedford (0234) 720077. 
Without wishing to prejudge the discussion you have wi t h BST9 I would however 
make a number of general comments. 
(1) The c u l t u r a l stereotype of the United Kingdom as being more concerned 
with the elegant consumption of wealth than with i t s creation i s an 
int e r e s t i n g study. 
[2) Such profound changes i n national and international circumstances have 
occurred since 1967 that the presence of current educational 
i n i t i a t i v e s does not of i t s e l f imply an inadequacy i n those of an 
e a r l i e r age. As recently as June 1974, for example, unemployment 
stood at 2.1% of the working population. 
G. Weonwright 
Executive Secretary 
(3) Your questions r e l a t i n g to the role of industry and commerce w i t h i n the 
school curriculum, the resourcing of schools f o r technological studies,, 
and the degree to ^hich examinations could (or should) r e f l e c t 
i n d u s t r i a l and commercial consideration are a l l i n t e r - r e l a t e d . While 
industry and commerce are too diverse to speak with a single voice, as, 
i n many cases, are loc a l education a u t h o r i t i e s , BST has nevertheless 
undertaken a study of LEA requirements and concerns i n the broad 
curriculum area of your own studies and t h i s may be something else for 
you to discuss with them. 
I am sure you w i l l f i n d contacts with BST be n e f i c i a l and I wish you well i n 
your research. 
Sir Henry Chilver 
Chairman 
Walton Hall, Walton, 
M i l ton Keynes, 
MK7 6AA. 
Telephone: M i l ton Keynes 653214 
Telex: 825061 
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Mr. C. N, L. France, 
37 W i l l o w t r e e Avenue, 
Gilesgate Moor, 
C i t y o i Durham, 
DHi IE A. -
but 1 am sure you w i l l agree t h a t any movement towards a-.th.ird c u l t u r e 
in t h i s country ( l i k e the German TECHNIC in a d d i t i o n t o a r t s and scipnce'O 
i s t o be welcomed. 
My own opin i o n i s t h a t d i s c u s s i o n about the d i f f e r e n c e s between education 
and t r a i n i n g i s somewhat a r i d , and i n my own subje c t of mechanical 
engineering I f i n d i t d i f f i c u l t t o d i s t i n g u i s h between the two. I 
myself have leas c r i t i c i s m of i n d u s t r y than I do of B r i t i s h U n i v e r s i t i e s 
themselves, and the general B r i t i s h establishment. I have much sympathy 
w i t h you i n your views about r e c o g n i t i o n of c u r r e n t r e l e v a n t A l e v e l s . 
A l l good wishes i n your work a t Durham. 
Yours s i n c e r e l y , 
Ok 
Thank you f o r your i n t e r e s t i n g l e t t e r of 16th November I a c c e p t you r 
point t h a t the Royal Society of A r t s i n i t i a t i v e may not be a new theme, 
0 
J. 
L is COTY OF COVEWTRY 
E D U C A T I O N D E P A R T M E N T 
DE 
2001 
Robert A n k e n , 
Director of E d u c a t i o n , 
New C o u n c i l Of f ices , Ear l S t re i 
C O V E N T R Y , C V 1 5 H S 
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Mr. C.N.L. F r a n c e , 
37 W i l l o w t r e e Avenue, 
G i l e s g a t e Moor, 
C i t y o f Durham, 
DH1 1EA 
Dear Mr. F r a n c e , 
You r a i s e p e r t i n e n t i s s u e s i n y o u r l e t t e r b u t w h i c h 
a r e n o t c a p a b l e o f s i m p l e r e p l y . I s u g g e s t you need 
to r e a d w i d e l y about t h e many i n i t i a t i v e s w h i c h a r e » 
t a k i n g p l a c e and a s a c o n t r i b u t i o n I e n c l o s e : -
1. C . E . F . L. 
2„ My RSA L e c t u r e 
3. Copy o f OCEA d r a f t handbook 
4. Outward Bound R e p o r t 
U n d e r l y i n g a l l o f t h e s e i s a f u n d a m e n t a l change 
i n t h e t e a c h i n g / l e a r n i n g p r o c e s s , r a t h e r t h a n c o n t e n t . 
Y o u r s s i n c e r e l y , 
uu m 
D i r e c t o r o f E d u c a t i o n 
GL 
T H E R O Y A L SOClETYforlhr encouragement 
OF AK.TS Manufactures and Commerce 
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16 December 1985 
Mr C N L Franc© 
37 Wil l o w t r e e Avenue 
Gileesgat© Moor 
C i t y of Durham 
DH1 1EA 
Dear Mr France 
Your l e t t e r t o my s e c r e t a r y , Shelley Wilson, and t h a t t o Professor Ashworth 
havw been paooed t o ro©. I w i l l aadaavour t o answer both l e t t a r e i n t h i s 
r e p l y . 
To take some of the comments t h a t you have made i n both l e t t e r s : f i r s t o f 
a l l , we have n o t h i n g s p e c i f i c on the f i e l d o f c o n t r o l you are asking f o r 
but do have some i n f o r m a t i o n i n our Data Bank concerning C r a f t Design 
Technology. This Data Bants i s not set up as you might 1 expect but i s 
based on the submissions we have received i n the past f o r our Recognition 
Scheme. A l i s t of these i s enclosed and I i n c l u d e short summaries on 
those t h a t s p e c i f i c a l l y r e l a t e t o the CDT area. 
You asked f o r i n f o r m a t i o n on our Committee members. The best t h a t I can 
do, I t h i n k , i s t o r e f e r you t o a previous n e w s l e t t e r where the members 
of the Committee are described together w i t h the changes t h a t have r e c e n t l y 
taken place. I enclose t h i s e d i t i o n f o r you. It would be i m p r a c t i c a l t o 
provide you w i t h more d e t a i l but I can assure you t h a t the Committee has 
wide experience of d i f f e r e n t f i e l d s o f education 'Bnd, of course, of 
i n d u s t r y . 
I n your l e t t e r t o Professor Ashwortm 9 you msls© frequent reference t o our 
manifesto and t o what you b e l i e v e i s hjjpjge^ iijyg_ii» teacher t r a i n i n g and i n 
the schools c u r r i c u l a . 
gQjyp^gg? t h a t may the way i n which students l e a r n , 
f a c i l i t a t e t h a t l e a r n i n g but does not n e c e s s a r i l y according t o the hands of 
the teacher i n which i t r e s t s . Our experience goes widely, as I have 
mentioned, across education and i n d u s t r y and draws on p r a c t i c e from 
both those f i e l d s . This w i d t h of experience i s represented i n our 
S i g n a t o r i e s , our supporters, our n e w s l e t t e r s and i n our occasional paper 
s e r i e s . I enclose a copy o f our p u b l i c a t i o n l i s t i n case t h e r e are any 
./ 
2. 
Mr C N L France 
16 December 1985 
th a t you would p a r t i c u l a r l y wish t o see. I t i s also represented i a the 
conferences we rum. Our p a r t i c i p a n t s aad our speakers and group leaders 
are i n v a r i a b l y drawn from both education and i n d u s t r y . In t h i s way, we 
make p r a c t i c a l us® of the e x p e r t i s e o f the d i f f e r e n t areas. I would say 
t h a t feedback suggests t h a t t h e r e i s considerable a p p r e c i a t i o n o f the 
o p p o r t u n i t y we a f f o r d t o share experience .across the boundaries„ 
Can I f i n a l l y draw your a t t e m t i o n t o the most recent o£ our ne w s l e t t e r s 
and t o the mention i n these o f two conferences t h a t may be of i n t e r e s t t o 
you. F i r s t o f a l l , we ar© h o l d i n g © seminar f o r thooe working i n North 
Eastern education a u t h o r i t i e s . This w i l l take place towards the end of 
June and w i l l i n f a c t be based at the Durham U n i v e r s i t y Business School, 
We have a very good f r i e n d i n Professor Alan Gitob and i n C l i f f Johnson who 
are based at the School. Secondly, can I mention the Higher Education 
Conference which, i n one o f i t s aspects, w i l l draw a t t e n t i o n t o the problem 
of admissions and t o th© u n i v e r s i t y impact on the academic scene i n 
secondary schools. You nentioaed i n your l©tfc®r t o Professor Ashworth the 
problem of u n i v e r s i t i e s and t h e i r " r e c o g n i t i o n o f p a r t i c u l a r A - l e v e l s . This 
i s c e r t a i n l y an aspect which would b© discussed at t h i s conference. 
Thank you f o r your i n t e r e s t . I s h a l l * b e happy t o place you on our f u t u r e 
m a i l i n g l i s t . * 
Yours s i n c e r e l y 
r 
Janet Jones 
Education f o r C a p a b i l i t y Fellow 
and Education Adviser t o I n d u s t r y Year 
Encs 
House-of Conks 
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Thank you f o r your l e t t e r o f 16 November 1985 t o t h e Secretary o f S t a t e , Lord Youn> 
which has been passed t o me f o r r e p l y . I am s o r r y I have not been able t o respond 
e a r l i e r . 
f was pleased t o read t h a t t h e q u a l i t i e s c a l l e d f o r by the RSA Manifesto 'Educatio; 
f o r C a p a b i l i t y ' were already being encouraged i n Colleges o f Education i n ±96)1 • 
However I t h i n k you w i l l agree t h a t the ' a t t i t u d i n a l ' changes advocated by the 
Manifesto can only be achieved g r a d u a l l y , w i t h t h e f u l l cooperation o f Government, 
education a u t h o r i t i e s , Schools, Colleges, i n d u s t r y and commerce. 
Two main areas o f t h i s Department's concern are I t h i n k r e l e v a n t t o your research. 
F i r s t l y , you are no doubt aware t h a t the Technical and Vocation&l Education I n i t i a -
(TVEl) introduced i n 1982 as a p i l o t scheme t o widen and e n r i c h the c u r r i c u l u m f o r 
1^ 4-18 year olds has done much t o b r i n g schools, colleges and employers c l o s e r toge 1 
t o produce more r e l e v a n t c u r r i c u l a , and a t t h e same time has enabled schools and 
c o l l e g e s t o i n v e s t i n new equipment and inv-service t r a i n i n g f o r teachers. The 
r e s u l t s o f TVEl have been encouraging, i n c l u d i n g work done i n C r a f t , Design and 
Technology, and the Government i s c u r r e n t l y c o n s i d e r i n g how best t o apply the less' 
learned more wide l y . 
Secondly, the Review o f V o c a t i o n a l Q u a l i f i c a t i o n s working group, due t o r e p o r t i n 
A p r i l 1986, i s a t t e m p t i n g t o put forward a more r e l e v a n t and comprehensible s t r u c t 
of v o c a t i o n a l q u a l i f i c a t i o n s , and one which recognises competence and c a p a b i l i t y 
i n the a p p l i c a t i o n o f knowledge and s k i l l . The i n t e n t i o n i s t h a t the recommendati 
w i l l have the support o f employers, examining and v a l i d a t i n g bodies and others 
concerned, thus g i v i n g f u l l r e c o g n i t i o n t o an i n t e g r a t e d Programme f o r the c e r t i f i 
o f education, t r a i n i n g and work experience. 
When one takes i n t o account the v a r i o u s o t h e r programmes c u r r e n t l y i n o p e r a t i o n t o 
encourage r e l e v a n t c u r r i c u l u m development, i n c l u d i n g the Manpower Services Commiss 
attempts i n c o l l e g e s t o make wo r k - r e l a t e d non-advance f u r t h e r education more 
responsive t o employers' needs^ I hope t h a t you w i l l agree t h a t t h e Department of 
Employment i s not h o l d i n g back i n i t s attempts t o f o s t e r those q u a l i t i e s o u t l i n e d 
i n the RSA's Manifesto. * > I 
A McLELLAN 
Manpower P o l i c y 
APPENDIX 3. ADDRESS GIVEM BY K.B.GRIMSHAra-. 
A t t h e i n a u g u r a t i o n o f t h e B r i t i s h S c h o o l s T e c h n o l o g y / 
Durham LEA T e c h n o l o g y E d u c a t i o n I n - S e r v i c e scheme., 
" I t g i v e s me v e r y g r e a t p l e a s u r e t o welcome y o u h e r e 
t h i s m o r n i n g on b e h a l f o f t h e E d u c a t i o n C o m m i t t e e . The 
use o f e l e c t r o n i c e q u i p m e n t t o c o n t r o l m a c h i n e r y t o a 
s o p h i s t i c a t e d l e v e l i s one w h i c h i s a s s u m i n g an 
i n c r e a s e d s i g n i f i c a n c e i n I n d u s t r y and Commerce and i t 
i s an a r e a i n w h i c h we must i n E d u c a t i o n a c c e p t o u r 
r e s p o n s i b i l i t i e s f o r p r e p a r i n g c h i l d r e n f o r t h e i r 
f u t u r e employment and i n p r o v i d i n g them w i t h an i n s i g h t 
and u n d e r s t a n d i n g o f t h e s e new d e v e l o p m e n t s . We have i n 
t h i s A u t h o r i t y a l r e a d y t a k e n v e r y c o n s i d e r a b l e s t e p s 
o v e r t h e p a s t f e w y e a r s t o s t i m u l a t e t h e use o f 
m i c r o c o m p u t e r s and m i c r o e l e c t r o n i c s i n o u r s c h o o l s and 
t o i n c r e a s e u n d e r s t a n d i n g and a w a r e n e s s o f New 
T e c h n o l o g y . . _ 
We f e e l p r i v i l e g e d t o be one o f a l i m i t e d number o f 
A u t h o r i t i e s t o be i n v o l v e d i n t h i s p a r t i c u l a r p r o j e c t 
and o u r c o m m i t t m e n t i s t o t a l . I t e s p e c i a l l y p l e a s e s me 
t h a t a w i d e r a n g e o f s p e a k e r s f r o m d i f f e r e n t 
b a c k g r o u n d s h a v e a c c e p t e d an i n v i t a t i o n t o be p r e s e n t 
a t t o d a y ' s m e e t i n g i n o r d e r t o s t a r t t h e b a l l r o l l i n g * 
I t i s i m p o r t a n t t h a t we s h o u l d d e v e l o p and s t r e n g t h e n 
o u r l i n k s w i t h I n d u s t r y and H i g h e r E d u c a t i o n f o r t h e 
b e n e f i t o f o u r s t u d e n t s . The a c t i v i t i e s o f o u t r e c e n t l y 
e s t a b l i s h e d S.A.T.R.Q. a r e a l r e a d y m a k i n g a 
c o n t r i b u t i o n and I know, Mr. C h a i r m a n , o f y o u r w o r k 
w i t h s i x t h f o r m e r s and t h a t i s s o m e t h i n g w h i c h I w o u l d 
l i k e t o see f u r t h e r e n c o u r a g e d i n t h i s A u t h o r i t y . 
I am, h o w e v e r , somewhat s a d d e n e d , l o o k i n g a r o u n d t h e 
h a l l t h i s m o r n i n g , t o see so l i m i t e d r e p r e s e n t a t i o n 
f r o m women. I t h i n k t h a t t h e r e i s a g r e a t d a n g e r t h a t 
i n t h e d e v e l o p m e n t s o f c o m p u t e r s and m i c r o t e c h n o l o g y we 
a r e m o v i n g i n t o a male d o m i n a t e d s i t u a t i o n . T h a t , I 
t h i n k , i s v e r y w r o n g b e c a u s e i t seems t h a t we a r e 
f a i l i n g t o t a p t h e p o t e n t i a l and h a r n e s s t h e a b i l i t y 
w h i c h l i e s i n a t l e a s t h a l f o f o u r s c h o o l p o p u l a t i o n . 
T h i s means, t h e r e f o r e , t h a t we a r e l o s i n g a g r e a t d e a l . 
One o f o u r a i m s , t h e r e f o r e , must be t o e n c o u r a g e more 
g i r l s t o t a k e a d v a n t a g e o f c o u r s e s w h i c h a r e o f f e r e d i n 
t h e f i e l d s o f c o m p u t e r s t u d i e s and m i c r o t e c h n o l o g y . 
U n f o r t u n a t e l y i f we do n o t g e t t h i s r i g h t a t t h e o u t s e t 
i t becomes a s e l f — p e r p e t u a t i n g s i t u a t i o n w h i c h we h a v e 
seen d e v e l o p i n g i n o t h e r a r e a s o f t h e c u r r i c u l u m . Once 
a t t i t u d e s a r e e s t a b l i s h e d i t becomes v e r y d i f f i c u l t t o 
a l t e r t hem, i t w o u l d be a t r e m e n d o u s p i t y i f we l o s t s o 
much. 
One o f t h e r e m a r k a b l e and welcome t h i n g s a b o u t t h e 
m i c r o e l e c t r o n i c r e v o l u t i o n w h i c h i s now a f f e c t i n g o u r 
s c h o o l s i s t h e way i n w h i c h t h e a v a i l a b i l i t y o f t h i s 
h a r d w a r e h a s s t i m u l a t e d i n t e r e s t and e n t h u s i s m among 
young p e o p l e i n a way t h a t no o t h e r s i n g l e d e v e l o p m e n t 
has o c c u r r e d i n E d u c a t i o n o v e r t h e p a s t t h i r t y y e a r s . 
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The i m a g i n a t i o n o f y o u n g s t e r s , many o f v e r y modest 
a b i l i t i e s , has been s t i m u l a t e d and l e d them t o d e v e l o p 
an e x p e r t i s e and an u n d e r s t a n d i n g w h i c h s o m e t i m e s f a r 
s u r p a s s e s t h o s e who a r e t e a c h i n g them and t h e r e i n l i e s 
one o f t h e p r o b l e m s t h a t we a r e t r y i n g t o t a c k l e 
t h r o u g h c o n f e r e n c e s and c o u r s e s o f t h i s k i n d . T h e r e i s 
an u n d e r s t a n d a b l e f e a r among a d u l t s , b o t h p a r e n t s and 
t e a c h e r s a l i k e , t h a t t h e y a r e g e t t i n g l e f t b e h i n d i n 
t h i s v e r y r a p i d l y m o v i n g f i e l d o r t h a t t h e y w i l l be 
e m b a r r a s s e d b y i g n o r a n c e when c o n f r o n t e d by-
k n o w l e d g e a b l e y o u n g s t e r s . I t i s t h e i n t e n t i o n o f t h i s 
p r o j e c t , among o t h e r s , t o p r o v i d e a s t r o n g c a d r e o f 
w e l l i n f o r m e d t e a c h e r s who w i l l n o t o n l y p r o v i d e t h e 
e x p e r t i s e needed f o r t h e i r s t u d e n t s b u t who w i l l a l s o 
s p e a r h e a d t h e s e new d e v e l o p m e n t s i n e n c o u r a g i n g t h e i r 
c o l l e a g u e s o v e r a w i d e r a n g e o f c u r r i c u l u m d i s c i p l i n e s 
t o a v a i l t h e m s e l v e s o f New T e c h n o l o g y . 
As I s a i d e a r l i e r , t h e A u t h o r i t y h a s a l r e a d y c o m m i t t e d 
i t s e l f a l o n g t h i s r o a d and we a r e d e t e r m i n e d t o do what 
we can t o make s u r e t h a t o u r young p e o p l e i n t h i s 
r e g i o n , and i n p a r t i c u l a r , i n t h i s c o u n t y , h a ve t h e 
o p p o r t u n i t y t o a v a i l t h e m s e l v e s o f t h e b e s t t h a t i s 
a v a i l a b l e . I know f r o m p a s t e x p e r i e n c e t h a t o u r s c h o o l s 
and t e a c h e r s w i l l r e s p o n d t o t h e c h a l l e n g e and we s h a l l 
do what we can t o h e l p them a c h i e v e t h a t g o a l . 
Now t h a t D e s i g n / T e c h n o l o g y a t 'A' l e v e l i s a c c e p t a b l e 
w i t h m a t h e m a t i c s and p h y s i c s f o r a D e g r e e c o u r s e i n 
E n g i n e e r i n g t h e w h o l e r a n g e o f t h e c u r r i c u l u m i s open. 
The G r a d u a t e E n g i n e e r n e e d s t h e s u p p o r t o f T e c h n i c i a n 
E n g i n e e r s and E n g i n e e r i n g T e c h n i c i a n s a t a l l l e v e l s . I 
hope, h o w e v e r , t h a t new work i n t h i s f i e l d w i l l n o t 
mean s i m p l y b e i n g r a i l r o a d e d a l o n g t h e f a m i l i a r , and 
f o r many p u p i l s , b a r r e n 'D' and 'A' l e v e l avenue t h u s 
r e s t r i c t i n g e x c i t i n g o p p o r t u n i t i e s f o r t o o many p u p i l s . 
T h e r e i s a need f o r t e a c h i n g s k i l l s and f o r academic 
r i g o u r , b u t p e r h a p s t h e s e c o u l d be t e s t e d d i f f e r e n t l y . 
T h e r e i s , i n my v i e w , a h i g h p r i o r i t y t o g e t t h e 
ass e s s m e n t p r o c e s s r i g h t i n s u c h a way t h a t p u p i l s o f a 
v e r y w i d e a b i l i t y r a n g e a r e m o t i v a t e d t o work i n t h i s 
d e v e l o p i n g and e x c i t i n g a r e a o f t h e c u r r i c u l u m . T h i s 
p r o j e c t a l o n g w i t h o t h e r i n t e r e s t i n g i n i t i a t i v e s s u c h 
as t h e j o i n t t e a c h e r f e l l o w s h i p scheme o f t h e 
I n s t i t u t i o n o f M e c h a n i c a l E n g i n e e r s and I n s t i t u t i o n o f 
E l e c t r i c a l E n g i n e e r s and t h e d e v e l o p i n g work o f t h e 
r e l a t i v e l y new E n g i n e e r i n g C o u n c i l s h o u l d a i m t o b u i l d 
up a v e r y b r o a d a p p r o a c h a v a i l a b l e t o as many young 
p e o p l e a s p o s s i b l e . I s h a l l l i s t e n w i t h v e r y g r e a t 
i n t e r e s t t o what w i l l be s a i d t o d a y and I l o o k f o r w a r d 
t o v i s i t i n g t h e e x h i b i t i o n . I am s u r e t h a t we s h a l l 
h ave a good and i n f o r m a t i v e d ay. 
19-10-B3. 
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AFFEMDIX 4. A COLLECTION DF SIGNIFICANT YEARS. 
1666,. F r e n c h ficademie d es S c i e n c e s f o u n d e d . 
1675= R o y a l O b s e r v a t o r y f o u n d e d a t G r e e n w i c h . 
1662= B r i t i s h R o y a l S o c i e t y -founded. 
1700= B e r l i n Academy o f S c i e n c e s -founded. 
1709„ -F r e n c h Academie des S c i e n c e s e m p l o y s 20 r e s e a r c h 
a s s i s t a n t s . 
1777. Beckmann c o i n s t h e w o r d ' T e c h n o l o g y ' . 
1789= F r e n c h R e v o l u t i o n . Academic d e s S c i e n c e s 
d e g e n e r a t e s - i s t r a n s f o r m e d a f t e r t h e r e v o l u t i o n . 
1 7 9 1 . P r i e s t l e y s home, and t h o s e o f o t h e r B i r m i n g h a m 
n o n - c o n f o r m i s t s , a t t a c k e d by mob e n c o u r a g e d by 
g o v e r n m e n t a g e n t . H i s l a b o r a t o r y and l i b r a r y b u r n e d 
o u t = 
1 7 9 1 . The L u n a r S o c i e t y o f B i r m i n g h a m i n a u g u r a t e d . 
Members. James W a t t , M a t t e w B o u l t o n , Dr. S m a l l , Erasmus 
D a r w i n , J o s i a h Nedgewood, R i c h a r d L o v e l l , E d g e w o r t h , 
Samuel S a l t a n . E x p r e s s e d s u p p o r t f o r t h e F r e n c h 
r e v o l u t i o n . 
1830. Babbage. C., P r o f e s s o r o f M a t h e m a t i c s a t 
C a m b r i d g e U n i v e r s i t y , w r o t e ' R e f l e c t i o n s on t h e D e c l i n e 
o f S c i e n c e i n E n g l a n d and Some o f i t s Causes'. 
1835. J o s e p h H e n r y d e m o n s t r a t e s t h e E l e c t r o - m a g n e t i c 
r e l a y . 
1835. The G e o l o g i c a l S o c i e t y i n a u g u r a t e d . I t was a 
g o v e r n m e n t s c i e n t i f i c a g e n c y . 
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1842= L a b o r a t o r y o f t h e Government C h e m i s t i n a u g u r a t e d 
by t h e g o v e r n m e n t = 
i844o The f i r s t t e l e g r a p h l i n e , -from B a l t i m o r e t o 
W a s h i n g t o n , d e m o n s t r a t e d . 
1951= The G r e a t E x h i b i t i o n * 
1856. C o a l d e r i v e d d y e s d e m o n s t r a t e d by W i l l i a m 
Per k i n . 
1864= Dam b u r s t , D a l e Dyke, S h e f f i e l d . 
1867. The P a r i s E x h i b i t i o n . , 
1870= The D e v o n s h i r e Commission s e t - u p t o l o o k i n t o 
r e s e a r c h f a c i l i t i e s . I t p r o p o s e d i ) a M i n i s t r y t o d e a l 
w i t h S c i e n c e and E d u c a t i o n as a p u b l i c s e r v i c e , i i ) A 
S c i e n c e C o u n c i l t o a d v i s e t h e M i n i s t r y , i i i ) t h e 
e s t a b l i s h m e n t o f S t a t e S c i e n c e L a b o r a t o r i e s , i v ) t h e 
e n c o u r a g e m e n t o f i n c r e a s e d p r o d u c t i v i t y amongst t h e 
B r i t i s h S o c i e t i e s . 
1879. Tay b r i d g e d i s a s t e r . 
1907. P a r l i a m e n t v o t e s £150,000 t o be added t o t h e 
£186,000 p r o f i t f r o m t h e R o y a l E x h i b i t i o n , t o buy a 
s i t e i n S o u t h K e n s i n g t o n and t o b u i l d t h r e e 'Royal 
T e c h n i c a l S c h o o l s ' . They w e r e e v e n t u a l l y i n c o r p o r a t e d 
as t h e I m p e r i a l C o l l e g e o f S c i e n c e and T e c h n o l o g y . 
1910. N a t i o n a l P h y s i c a l L a b o r a t o r y s e t — u p . 
1914. B o a r d o f I n v e n t i o n s and R e s e a r c h s e t - u p by t h e 
A d m i r a l t y . J.J.Thompson and C=Parsons t o s e r v e on t h e 
B o a r d . 
1916. D e p a r t m e n t o f S c i e n t i f i c and I n d u s t r i a l R e s e a r c h 
e s t a b l i s h e d . 
1916» The C h e m i c a l D e f e n c e E x p e r i m e n t a l E s t a b l i s m e n t 
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a t P o r t o n Down. 
1917= The I m p e r i a l T r u s t -far t h e Enco u r a g e m e n t o-f 
S c i e n t i f i c and I n d u s t r i a l R e s e a r c h t o a d m i n i s t e r a £1M 
f u n d . I n d u s t r i a l and s c i e n t i f i c i n i t i a t i v e s t o be 
b a c k e d , pound f o r pound. 
1917= N a t i o n a l t o t a l o f 24 s t u d e n t r e s e a r c h g r a n t s . 
1918= E x p l o s i v e s f a c t o r y d i s a s t e r , C h i l w e l l N o t t s . 
1919. F o u r C o - o r d i n a t i n g B o a r d s t o c o l l a t e 
d e v e l o p m e n t s s p u r r e d by t h e F i r s t W o r l d War. The R a d i o 
B o a r d b e i n g t h e most s u c c e s s f u l w i t h t h e d e v e l o p m e n t o f 
Radar = 
1920= N a t i o n a l t o t a l o f 56 s t u d e n t r e s e a r c h g r a n t s . 
1932= The £1M f u n d e x h a u s t e d b u t t h e need f o r 
c o n t i n u e d a s s i s t a n c e r e l u c t a n t l y r e c o g n i s e d . 
1933. 'Anyone who l o o k s f o r a s o u r c e o f power i n t h e 
t r a n s f o r m a t i o n o f atoms i s t a l k i n g m o o n s h i n e ' . — 
R u t h e r f o r d = 
1938. N a t i o n a l t o t a l o f 81 s t u d e n t r e s e a r c h g r a n t s . 
1939= S e l f — s u s t a i n i n g n u c l e a r f i s s i o n r e a c t i o n 
p o s s i b i l i t y r e c o g n i s e d i n B r i t a i n , U.S.A. and Germany. 
1941 I . C . I , a g r e e s t o b u i l d a r e a c t o r i n r e t u r n f o r 
h e l p i n g t o p r o d u c e a n u c l e a r bomb. 
1942. Asimov. I . P o s t u l a t e s t h r e e l a w s o f R o b o t i c s . 
1946= W i l l i a m s . F.C., a t M a n c h e s t e r , d e m o n s t r a t e s t h e 
e l e c t r o n i c s t o r a g e o f one b i n a r y d i g i t . 
1948= The R o y a l S o c i e t y a c c e p t s Newman's d e s c r i p t i o n 
o f a c o m p u t e r a s b e i n g A u t o m a t i c , D i g i t a l and G e n e r a l 
p u r p o s e . 
1948= W i l l i a m s = F.C. d e m o n s t r a t e s t h e e l e c t r o n i c 
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s t o r a g e o f 34OK d i g i t s . 
1948= The d e m o n s t a t i o n , a t M a n c h e s t e r , o f a m a c h i n e 
w h i c h p e r f o r m s a c c o r d i n g t o Newman's d e f i n i t i o n o f a 
c o m p u t e r . 
1948= A m e r i c a n d e m o n s t r a t i o n o f c u r r e n t a m p l i f i c a t i o n 
b y p and n — t y p e s e m i c o n d u c t o r s . 
1949. The M a n c h e s t e r c o m p u t e r a b l e t o a c c e s s 5120 
d i g i t s i m m e d i a t e l y f r o m a C a t h o d e r a y t u b e s t o r e and 
40,960 d i g i t s f r o m a b a c k — u p m a g n e t i c drum. 
1949. The EDSAC c o m p u t e r a t C a m b r i d g e d e m o n s t r a t e d . 
1950. S h o c k l e y . W. The f i r s t d e m o n s t r a t i o n o f a 
u n i — j u n c t i o n t r a n s i s t o r . U.S.A. 
1961. The R a b b i n s C o m m i t t e e on H i g h e r E d u c a t i o n s e t 
up. 
1964. The S c h o o l s C o u n c i l s e t up. 
1966. S c h o o l s C o u n c i l c o m m i s s i o n s a p i l o t s t u d y t o 
f i n d o u t how h e l p c o u l d be a f f o r d e d t o s c h o o l s s h o w i n g 
an i n t e r e s t i n t h e t a r g e t t i n g o f t e c h n o l o g y i n t h e i r 
c u r r i c u l u r n . 
1967= S c h o o l s C o u n c i l ' P r o j e c t T e c h n o l o g y ' s e t up. 
1968. ' T e c h n o l o g y and t h e S c h o o l s ' - A p i l o t s t u d y 
r e p o r t f r o m t h e S c h o o l s C o u n c i l . 
1969. P r o f e s s o r J . B l a c k . W o r k i n g p a p e r No.1, on 
i n t e r a c t i v e v i d e o , f o r NCET. 
1969. The U n i v e r s i t y o f t h e A i r . (Open U n i v e r s i t y ) 
g r a n t e d R o y a l C h a r t e r -
1970. G.Hubbard a p p o i n t e d D i r e c t o r o f t h e N a t i o n a l 
C o u n c i l f o r E d u c a t i o n a l T e c h n o l o g y (NCET). 
1970. M o d u l a r T e c h n o l o g y a p p r o a c h s t a r t e d i n 
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H e r t f o r d s h i r e . 
1973. S c h o o l s T e c h n o l o g y Forum c u r r i c u l u m and 
e x a m i n a t i o n s w o r k i n g p a r t y s u r v e y p u b l i s h e s 'The 
Essence o f S c h o o l T e c h n o l o g y ' . Examines a l l 
e x a m i n a t i o n s w h i c h i n c l u d e d t h e wor d ' T e c h n o l o g y ' i n 
t h e i r t i t l e . 
1973. The C o u n c i l -for E d u c a t i o n a l T e c h n o l o g y r e p l a c e s 
t h e NCET. G.Hubbard i s t h e D i r e c t o r . A c h a r i t a b l e t r u s t 
j o i n t l y f u n d e d b y t h e D e p a r t m e n t s o f E d u c a t i o n and 
S c i e n c e E n g l a n d & Wales, S c o t l a n d and N o r t h e r n I r e l a n d . 
1974. B a t h & Avon E d u c a t i o n A u t h o r i t y s t a r t t o d e v e l o p 
'Modular T e c h n o l o g y ' . 
1975. S c h o o l s C o u n c i l ' C o n t r o l T e c h n o l o g y ' a t Danum 
T r e n t Grammar S c h o o l . 
1975. O x f o r d o r d i n a r y l e v e l ' A p p l i e d S c i e n c e f o r 
T e c h n o l o g y ' = 
1976. S c h o o l s C o u n c i l 'Modular T e c h n o l o g y ' c o u r s e s 
s t a r t . 
1976= WCST d i s c u s s i o n p a p e r on q u a l i t i e s needed by 
t e a c h e r s o f T e c h n o l o g y . 
1976. Durham I n d u s t r y and Commerce i n t o E d u c a t i o n 
(DICE> s e t up. 
1977. W o r k i n g p a r t y s e t up f o r an H o n o u r s Degree i n 
D e s i g n & T e c h n o l o g y . 
1977. The I n d u s t r y P r o j e c t . S c h o o l s C o u n c i l / 
C o n f e d e r a t i o n o f B r i t i s h i n d u s t r y / T r a d e s U n i o n 
C o n g r e s s . 
1977. ' E d u c a t i o n i n S c h o o l s ' DES. 
1977. C i r c u l a r 14/77 a s k i n g f o r LEA r e v i e w and r e p o r t 
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on c u r r i c u l a t a r r a n g e m e n t s . 
1978u 'School T e c h n o l o g y - a p o s i t i o n p a p e r ' . B.S. 
N i c h o l s o n . H i l l i n g d o n ILEA 
1979= F i r s t E a s t A n g l i a n CSE ' T e c h n o l o g y ' . 
1978. L e t t e r -from DES t o CEO's re-f ' S c h o o l s I n d u s t r y 
L i nke'„ 
1979. C o n f e r e n c e a t B r u n e i U n i v e r s i t y 'CDT as an 
e s s e n t i a l p a r t o f a b a l a n c e d c u r r i c u l u m ' . 
1979. C a m b r i d g e o r d i n a r y l e v e l ' T e c h n o l o g y ' . 
1979. F i r s t ' I T E C s e t up i n London. 
1979. ' E d u c a t i o n f o r C a p a b i l i t y ' c a m p a i g n l a u n c h e d b y 
t h e RSA. 
1979. G = S h i 1 1 i t o s p e a k s on T e c h n o l o g y . ( T r e n d s ) . 
1980. ' C r a f t , D e s i g n §t T e c h n o l o g y ' f i r s t u s e d as a 
t i t l e . 
1980. The, so c a l l e d , ' b l a c k and b r o w n ' r e p o r t 
p u b l i s h e d . 
1980= M i c r o e l e c t r o n i c s E d u c a t i o n Programme (MEP) s e t 
up „ 
1980. ' M i n d s t o r m s ' by S. P a p p e r t , p u b l i s h e d . 
1980. C h i p s i n C o n t r o l ' . C o n f e r e n c e o f t h e SCSST h e l 
a t N a t i o n a l C e n t r e f o r S c h o o l s T e c h n o l o g y , T r e n t 
P o l y t e c h n i c . 
1980. K i e t h - L u c a s r e p o r t on D e s i g n E d u c a t i o n . 
1980. S i n c l a i r ZX80 r e a d y b u i l t p e r s o n a l c o m p u t e r 
£99.95. ( K i t - £79.95) 4K ROM, IK RAM. 
19B1. CET t e l e s o f t w a r e f o r m a t p u b l i s h e d . 
1981. F o u n d a t i o n S t u d i e s i n CDT' p u b l i s h e d by t h e 
A s s o c i a t i o n o f CDT A d v i s e r s . 
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1981. S e c o n d a r y S c i e n c e C u r r i c u l u m R eview (SSCR) s e t 
U P = 
1981= "CDT - A r e v i e w o f A L e v e l s ' . Durham LEA r e p o r t = 
1981= K.Baker. Under S e c r e t a r y o f S t a t e -for I n d u s t r y , 
a n n o u n c es 20 ITEC's i n London= 
1982= BBC M i c r o l a u n c h e d b y A c o r n C o m p u t e r s . 
1982= I n f o r m a t i o n T e c h n o l o g y y e a r . 
1982= K= Bake r M i n i s t e r o f I n f o r m a t i o n T e c h n o l o g y . 
1982. Manpower S e r v i c e s Commission (MSC) i n v i t e d t o 
l a u n c h T e c h n i c a l V o c a t i o n a l & E d u c a t i o n a l I n i t i a t i v e 
( TVEI) 
1983. Durham SATRO e s t a b l i s h e d . 
1983. MEP a l l o w e d t o r u n f o r t w o y e a r s more. 
1983. B r i t i s h S c h o o l s T e c h n o l o g y (BST) s e t up= 
G . S h i l l i t o t o be d i r e c t o r . 
1983. L e t t e r f r o m G . S h i l l i t o t o D . S o w e l l , D i r e c t o r o f 
Durham LEA., r e f e r e n c e r o l l i n g programme o f i n — s e r v i c e 
e d u c a t i o n f o r t e a c h e r s o f T e c h n o l o g y . 
1983= C u r r i c u l u m 11-16= 'Towards a s t a t e m e n t o f 
e n t i t l e m e n t , c u r r i c u l a r r e — a p p r a i s a l i n a c t i o n ' . DES 
1983= One day c o n f e r e n c e i n Durham w i t h r e f e r e n c e t o 
BST INSET programme. 
1983. SSCR p l a n n i n g & c o n s u l t a t i o n p h a s e t o f i n i s h . 
D e v e l o p m e n t phase t o s t a r t . 
1983. Durham ITEC s t a r t e d . 
1983. 14 TVEI schemes i n E n g l a n d & Wales. 
1984= C h e m i c a l d i s a s t e r , B h o p a l , I n d i a . 
1984. S c h o o l s C u r r i c u l u m D e v e l o p m e n t C o m m i t t e e 
announced = 
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1984. S c h o o l s C o u n c i l s c r a p p e d -
1984= C o n f e r e n c e on t h e secondment o f t e a c h e r s t o 
i n d u s t r y . 
1984= 48 more TVEl schemes s t a r t . 
1984. C e r t i f i c a t e i n P r e - V o c a t i o n a l E d u c a t i o n 
d i s c u s s i o n document. C i t y & B u i l d s . 
1984. E l e c t r o n i c s and C o n t r o l T e c h n o l o g y Domain 
I n f o r m a t i o n F i l e p u b l i s h e d b y MEP. 
1985. ' C u r r i c u l u m f r o m 5 t o 16'. HMI 
1985. MEP f i n i s h e d . 
1985. Women i n t o S c i e n c e and E n g i n e e r i n g (WISE) bu 
p r o j e c t . 
1985. 12 more TVEl schemes s t a r t . 
1985= £4.5M f o r H i g h e r E d u c a t i o n t o i n c r e a s e t h e 
number o f u n d e r — g r a d u a t e s i n e n g i n e e r i n g and 
t e c h n o l o g y . 
1986. I n d u s t r y Y e a r . 
1986= Space d i s a s t e r , US C h a l l e n g e r . 
1986. N u c l e a r d i s a s t e r , C h e r n o b y l , USSR. 
1986. K= B a k e r , M i n i s t e r f o r E d u c a t i o n & S c i e n c e , 
a nnounces TVEl e x t e n s i o n . 
1986. SSCR d e v e l o p m e n t phase t o end. D i s s e m i n a t i o n 
i m p l e m e n t a t i o n and a f t e r c a r e t o r u n u n t i l 1989. 
1986. S. Hubbard r e t i r e s as d i r e c t o r o f CET= 
1987. The l a s t BCE 'O' and CSE e x a m i n a t i o n s s a t . 
1987. BBC/Acorn A r c h i m e d e s l a u n c h e d . 
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APPENDIX 5. THE AUTOMATIC FACTORY 
P l e a s e N o t e . 
T h i s i s a c u r r i c u l u m p a c k a g e w h i c h was c o n c e i v e d d u r i n g 
my r e s e a r c h f o r t h i s t h e s i s . I t was w r i t t e n and 
d e v e l o p e d w i t h t h e a i d o f s e c o n d y e a r p u p i l s a t B e l m o n t 
C o m p r e h e n s i v e S c h o o l i n C o u n t y Durham, who t o o k an 
a c t i v e p a r t i n i t s t r i a l l i n g . 
The d o c u m e n t a t i o n f o r p u p i l u s e was w r i t t e n w i t h them 
i n m i n d — b o y s and g i r l s i n m i x e d a b i l i t y g r o u p s . The 
d o c u m e n t a t i o n f o r t e a c h e r s u s e was o r i g i n a l l y much 
s h o r t e r , b e i n g w r i t t e n f o r t h e b e n e f i t o f my c o l l e a g u e s 
i n t h e d e p a r t m e n t who were i n t e r e s t e d i n t h i s 
c u r r i c u l u m d e v e l o p m e n t . 
As a r e s u l t o f a r e q u e s t f r o m S u n d e r l a n d P o l y t e c h n i c 
E d u c a t i o n F a c u l t y , I p r e p a r e d a f o r m a l v e r s i o n o f t h e 
p r o j e c t w h i c h h as f o r m e d a p a r t a f an MSC f u n d e d 
i n i t i a t i v e . 
T h i s a p p e n d i x i s a c o p y o f t h a t v e r s i o n . 
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T i n is: i ^ i t u i T o p ^ P f R i X I o FACTORYO 
C D M = L 0 FRANCE B A ( H o n s ) , A = D i p - E d * , C e r t . E d o 
S u n d e r l a n d P o l y t e c h n i c , 
M a n p o w e r S e r v i c e s Commission„ 
JULY 
NINETEEN HUNDRED AND EIGHTY SEVEN« 
PA6E 2 0 8 
THE AUTOMATIC FACTORY_- THE REAL WORLD XN MOBEL BSZE B 
TEACHERS MOTES 
=„„„the i m p o s s i b l e we d o i n s e v e n w e e k s . 
Y o u a r e g o i n g t o p u t a c l a s s o-f c h i l d r e n i n t o a D e s i g n , 
Make a n d T e s t s i t u a t i o n . 
T h e D e s i g n B r i e f e s t a b l i s h e s a K n o w l e d g e Gap, 
T h e n e c e s s a r y R e s e a r c h i s u n d e r t a k e n . 
T h e R e s u l t s a r e c o n s i d e r e d . 
I n v e n t i v e n e s s i s r e q u i r e d . 
A P r o d u c t i s m a n u f a c t u r e d . 
E v a l u a t i o n i s i n e v i t a b l e . 
C o - o p e r a t i o n i s e v i d e n t . 
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T h i s i s a o n e h o u r p e r w e e k , s e v e n w e e k p a c k a g e t o 
i n t r o d u c e 12 y e a r - o l d p u p i l s t o " T e c h n o l o g y " . 
I t h a s b e e n a s s u m e d t h a t t h e c l a s s w i l l b e o-f m i x e d 
a b i l i t y a n d t h a t t e a c h e r s w i l l r e c o g n i s e t h i s w hen t h e y 
d i v i d e t h e c l a s s i n t o s m a l l e r g r o u p s . 
T h e p a c k a g e i s i n t e n d e d t o b e u s e d ' H a n d s - o n ' b y t h o 
p u p i l s , a n d a s s u m e s t h a t t h e t e a c h e r w i l l a c t a s 
a d v i s o r a n d o r g a n i s e r , r a t h e r t h a n a s a k n o w l e d g e b a s e . 
T h e r o l e o-f t h e t e a c h e r i s n o t s e e n a s 'The E;-;pert ' . 
I t w o u l d b e u n r e a s o n a b l e t o a s s u m e t h a t a g r o u p s i z e 
g r e a t e r t h a n 1 8 w i l l n o t h a v e a d e t r i m e n t a l e f f e c t u p o n 
t h e e f f i c i e n c y o f t h e p a c k a g e . 
T h e p a c k a g e a s s u m e s t h a t t h e t e a c h e r c a n p r o v i d e t h r e e 
p h y s i c a l l y r e m o t e a r e a s w i t h i n t h e c l a s s r o o m s 
THE COMPUTER CONTROL AREA. 
THE TECHNICAL LEGO AREA. 
THE PROCESS RESEARCH AREA. 
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3U HYPOTHESES., 
T e c h n o l o g y i s a l r e a d y s e e n t o b e a b r o a d a r e a o f 
e x p e r i e n c e , . I t i s m a n i f e s t l y d i f f i c u l t t o d e f i n e , b u t 
c a n n a n — t h e — l e s s b e s e e n t o e n c a p s u l a t e s t r a t e g i e s a n d 
p r o c e s s e s w h i c h a r e u s e d i n t h e p u r s u a n c e o f a s s i s t a n c e 
t o man., I t s h o u l d b e p o s s i b l e t o d e s i g n a l e a r n i n g 
e n v i r o n m e n t w h i c h c a n m o d e l a r e a l l i f e a c t i v i t y . 
A p p r o p r i a t e t e c h n o l o g i e s -
As i n a l l s y s t e m s , t e c h n o l o g y c a n b e d e s c r i b e d i n t e r m s 
o f i t s c o n s t i t u e n t p a r t s . H o w e v e r t e c h n o l o g y d o e s n o t 
a l w a y s u s e t h e s e p a r t s t o t h e b e s t a d v a n t a g e . R a t h e r i t 
u t i l i s e s t h o s e f e a t u r e s f r o m t h e s p e c t r u m w h i c h a r e 
c o n s i d e r e d a p p r o p r i a t e . " A p p r o p r i a t e n e s s " h a s t o b e 
s e e n i n t h e l i g h t o f t h e r e a l w o r l d , - F o r t h o s e o f 1 1 5 i n 
e d u c a t i o n , we f i n d o u r s e l v e s now a s i n t h e p a s t , 
s u b j e c t t o a w o r l d w h e r e t h e n e e d s o f p u p i l s a r e s e e n 
t o b e c h a n g i n g a n d w i d e n i n g . P e r h a p s o u r s i t u a t i o n i s 
m o r e c o m p l e x b e c a u s e t h e r e s e e m t o b e s o many "New 
T e c h n o l o g i e s " a n d n o t o n l y a r e we u n a b l e t o m a s t e r t h e m 
a l l , we a r e o f t e n u n a b l e t o c a l l u p o n a p p r o p r i a t e 
c l a s s r o o m e q u i p m e n t . 
T h i s i s s u r e l y a r e f l e c t i o n o f a human c o n d i t i o n a n d a s 
s u c h i s n o t o n l y c o n f i n e d t o e d u c a t i o n . R e a l - w o r l d 
c o n s i d e r a t i o n s a r e t h e v e r y s t u f f o f w h i c h ' d e s i g n ' i s 
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made, a n d t a k i n g a s my m a x i m t h e w o r d s o f a t h o u g h t f u l 
i f s o m e t i m e s o b s c u r e c o l l e a g u e , " I f y o u d o n o t h i n g , 
n o t h i n g g e t s d o n e " , I d e c i d e d t o l o o k a t w h a t was 
a l r e a d y a v a i l a b l e , c o s t w h a t e x t r a c o u l d h e a f f o r d e d 
a n d p r o d u c e w h a t w a s a p p r o p r i a t e , , 
T h e T e c h n o l o g i c a l e x p e r i e n c e i n t o w h i c h i t i s p r o p o s e d 
t o p u t p u p i l s , c a n b e s e e n t o i n c o r p o r a t e t h e f o l l o w i n g 
a r e a s s 
a ) C o n t r o l 
b ) S t r u c t u r e s 
c ) M a n i p u l a t i o n o f M e c h a n i s m s 
d ) M a n a g e m e n t 
e ) D e s i g n 
f ) C o m m u n i c a t i o n 
g ) S y s t e m s 
h) I n d u s t r i a l F a b r i c a t i o n 
T h e p r a c t i c a l l e a r n i n g e x p e r i e n c e may w e l l s h o w o t h e r 
a r e a s w h i c h c a n t h e n b e d e v e l o p e d a c c o r d i n g t o t h e 
i n t e r e s t s , e x p e r t i s e a n d e q u i p m e n t a v a i l a b l e . 
2. EQUIPMENT NECESSARY. 
E x p e r i e n c e h a s s h o w n t h a t t h e p r o v i s i o n o f a d e q u a t e 
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r e s o u r c e s i s v i t a l t o t h e s m o o t h r u n n i n g o-f t h i s 
p r o j e c t . T h e f o l l o w i n g a r e a b s o l u t e l y n e c e s s a r y a n d 
m u s t b e a v a i l a b l e a t t h e b e g i n n i n g o-f e a c h o-f t h e s e v e n 
58551OHS. 
H a r d w a r e s — 
BBC C o m p u t e r . 
4 0 T r a c k d i s c d r i v e . 
M o n i t o r / V D U / T V . 
1 U s e r P o r t I n t e r f a c e b o a r d f o r O u t p u t c o n t r o l . 
T h e D i s c w i t h t h e S o f t w a r e . PR0B1/5. 
P u p i l s i n s m a l l g r o u p s a r e c a p a b l e o f a s s e m b l i n g t h e 
C o m p u t e r s y s t e m f r o m s c r a t c h w i t h o u t a n y h e l p . 
L e g o K i t No. 1 0 3 2 . 
A s s u m i n g a c l a s s o f e i g h t e e n p u p i l s , d u r i n g t h e f i r s t 
t h r e e w e e k s t h e r e s h o u l d b e a v a i l a b l e t h r e e k i t s , w i t h 
L e g o W o r k c a r d s . I n t h e l a s t f o u r w e e k s i t w i l l b e 
n e c e s s a r y f o r t h e p u p i l s t o h a v e a c c e s s t o a n o t h e r L e g o 
M o t o r . 
P o w e r S u p p l i e s . 4.5 v o l t f o r L e g o , 9 v o l t f o r t h e 
I n p u t / O u t p u t a n d t h e R e l a y b o a r d s . 
S c i s s o r s 
B l u e 
D r a w i n g P i n s 
A d i s p l a y b o a r d . 
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S t a t i o n a r y g -
h c o p i e s e a c h ? a ) T h e C o m p u t e r A c t i v i t y b o o k l e t . 
b ) T h e L e g o A c t i v i t y b o o k l e t . 
c ) T h e R e s e a r c h A c t i v i t y b o o k l e t . 
I S c o p i e s s d ) T h e L a s t F o u r Weeks b o o k l e t . 
P h o t o c o p i e s o f t h e C o m p u t e r S y s t e m map, s u f f i c i e n t f o r 
* o n e each'„ 
3 F o o l s c a p w a l l e t s f o r t h e " R e s e a r c h a n d D a t a B a n k s " . 
A4 p a p e r f o r w r i t i n g . 
A4 p a p e r f o r s k e t c h i n g . 
D i s p l a y p a p e r . 
A s s o r t e d c o l o u r e d p e n s a n d p e n c i l s f o r g r a p h i c s . 
R e s e a r c h b a s e f o r P r o c e s s M a c h i n e r y 5 -
A s s o r t e d r e f e r e n c e b o o k s ; w o o d w o r k , m e t a l w o r k , t e x t i l e s 
e t c . 
A c o l l e c t i o n o f o l d t e x t b o o k s w i t h p i c t u r e s o f p e o p l e 
d o i n g j o b s , u s i n g m a c h i n e s o r t o o l s , i n t h e p a s t a s 
w e l l a s t h e p r e s e n t . 
T h e p u p i l s m u s t h a v e a c c e s s t o s o u r c e s o f i n f o r m a t i o n 
o n PROCESS, MATERIALS a n d MACHINES i n t h e i r w i d e s t 
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s e n s e . 
D i c t i o n a r y 
P h o t o g r a p h s 
V i d e o ? 
S l i d e s ? 
C a t a l o g u e s 
H o l i d a y B r o c h u r e s 
N e w s p a p e r s 
I n d u s t r i a l L i a s o n ? 
P e r s o n a l c o n t r i b u t i o n s b y t h e p u p i l s ? 
I t i s i m p o r t a n t t h a t t h e p u p i l s b e e n c o u r a g e d t o 
a s s e m b l e t h e i r own c o l l e c t i o n o f i n f o r m a t i o n a n d f o r 
t h i s r e a s o n t h e y m u s t b e a l l o w e d t o c u t o u t , make 
p o s t e r s a n d r e c o r d i d e a s . A p l e n t i f u l s u p p l y o f 
e x p e n d a b l e m a t e r i a l s m u s t b e p r o v i d e d . 
5. TEACHING STRATEGIES-
T h e e v a l u a t i o n s e s s i o n i n week 7 c a n b e r u i n e d i f t h e 
C o n t r a c t t i m e i s o v e r — r u n . 
WEEKS 1.2 & 5. 
T h e t e a c h e r s h o u l d h a v e r e a d t h e t h r e e A c t i v i t y 
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b o o k I e t s , 
iaieek 1 -
I t d e - f e a t s t h e o b j e c t o f - f o s t e r i n g i n v e n t i v e n e s s a n d 
p e r s o n a l r e s p o n s i b i l i t y t o g i v e t o o many i n s t r u c t i o n s . 
T h e c l a s s w i l l n e e d t o b e d i v i d e d i n t o t h e t h r e e a r e a s , 
t h e c o n t r o l a r e a , t h e L e g o a r e a a n d t h e r e s e a r c h a r e a . 
P u p i l s s h o u l d b e g i v e n t h e i r A c t i v i t y B o o k l e t s a n d b e s -
a ) made a w a r e o f t h e D e s i g n B r i e f w h i c h i s i n c l u d e d 
w i t h a l l P u p i l A c t i v i t y B o o k l e t s , 
b ) made a w a r e t h a t w o r d s p r i n t e d i n c a p i t a l l e t t e r s a r e 
m o s t s i g n i f i c a n t a n d t h a t p u p i l s w i l l b e r e s p o n s i b l e 
f o r r e c o r d i n g t h e i r m e a n i n g s , 
c ) t o l d how t o u s e t h e i r R e s e a r c h a n d D a t a B a n k s f o r 
t h e s t o r a g e o f e a c h g r o u p s w o r k , 
d ) a l l o w e d t o s t a r t w o r k , b y r e a d i n g t h e a c t i v i t y 
b o o k l e t s , w i t h o u t f u r t h e r d e l a y . 
Weeks 1,2 5. 
F r o m now o n u n t i l t h e e n d o f t h e l e s s o n t h e r o l e o f t h e 
t e a c h e r w i l l n o t v a r y much d u r i n g t h e s e f i r s t t h r e e 
w e e k s . 
T h e COMPUTER g r o u p w i 1 1 n e e d t o b e w a t c h e d t o make s u r e 
t h a t t h e y d o e x a c t l y w h a t t h e a c t i v i t y b o o k l e t r e q u i r e s 
t h e m t o d o . 
The t e a c h e r s h o u l d e x p e c t t o b e a s k e d f o r a ) a s y s t e m 
map b ) a n i n t e r f a c e b o a r d d ) a r e s e a r c h d i s c a n d 
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f i n a l l y s) a l i t t l e h o u s e b o a r d . 
T h e s e r e q u e s t s s h o u l d b e t r e a t e d a s f l a g s w h i c h s i g n a l 
t o t h e t e a c h e r t h e r a t e o f p r o g r e s s o f t h e g r o u p . I f 
t h e o r d e r o f t h e s e r e q u e s t s i s c h a n g e d , t h e g r o u p w i l l 
h a v e s k i p p e d s o m e t h i n g . 
Be p r e p a r e d t o l i s t e n t o a n i n t e r e s t i n g d i s c u s s i o n o n 
w h a t t o c a l l t h e o t h e r t w o OUTPUT d e v i c e s ! 
C h e c k t h e c o n n e c t i o n o f t h e i n t e r f a c e b o a r d s h o r t l y 
a f t e r b e i n g a s k e d f o r i t . 
Do n o t o f f e r t o g i v e p u p i l s e q u i p m e n t u n l e s s t h e y a s k 
f o r i t . I t i s , h o w e v e r , s e n s i b l e t o o f f e r a d v i c e i f t h e 
' f l o w ' i s b e i n g l o s t . 
T h e LEGO p e o p l e w i l l n e e d t o b e e n c o u r a g e d t o make 
n o t e s a n d p i c t u r e s o f t h e i r o w n. I t m i g h t s e em s e n s i b l e 
f o r t h e g r o u p s t o a g r e e t o make d i f f e r e n t m o d e l s . 
M o d e l s w h i c h a r e d r i v e n b y m o t o r o r a r e m o d i f i e d t o d o 
s o , w o u l d b e m o r e a p p r o p r i a t e . 
E x p e r i e n c e h a s s h o w n t h a t i n a 1 h o u r l e s s o n , i t i s 
u s u a l f o r o n e p a i r o f p u p i l s t o m a k e , t e s t a n d d o c u m e n t 
o n l y o n e m o d e l . 
T h e RESEARCH g r o u p w i l l p r o b a b l y n o t s h a r e t h e w o r k l o a d 
a m o n g s t i t s m e m b e r s w i t h o u t i n t e r v e n t i o n f r o m t h e 
t e a c h e r . 
A n o t i c e b o a r d d i v i d e d i n t o t h r e e a r e a s s e r v e s s e v e r a l 
p u r p o s e s f o r t h i s g r o u p . I t a l l o w s w o r k t o d r y 
u n d i s t u r b e d , i t d e m o n s t r a t e s t o t h e r e s t w h a t h a s 
a l r e a d y b e e n c o v e r e d a n d g i v e s e x p e r i e n c e i n a s s e m b l i n g 
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a d i s p l a y . T h i s l a s t i s a s k i l l t o b e d e v e l o p e d i n t h e 
f i n a l f o u r w e e k s . 
T h e t e a c h e r s h o u l d b e a r i n m i n d t h a t d u r i n g t h e l a s t 
f o u r w e e k s , a l l w o r k s t o r e d i n t h e R e s e a r c h a n d D a t a 
B a n k s w i l l b e made a v a i l a b l e f o r a p u b l i c d i s p l a y t o b e 
a s s e m b l e d b y m e m b e r s o f t h i s c l a s s . T h e p u p i l s n e e d n o t 
b e t o l d i n c a s e i t e n c o u r a g e s t h e m t o c h a n g e t h e i r 
a t t i t u d e t o t h e i r c u r r e n t t a s k f r o m o n e o f ' d o i n g 
r e s e a r c h ' t o ' m a k i n g q u a l i t y p r o d u c t s ' . 
A t t h e e n d o f t h e l e s s o n u n f i n i s h e d p a p e r w o r k c a n b e 
t a k e n home f o r home w o r k , a n d t h e d i s p l a y l e f t u n t i l 
t h e i r n e n t s e s s i o n o r s t o r e d i n t h e B a n k . 
P u p i l s s h o u l d a l s o b e made a w a r e o f t h e i r n e x t 
a c t i v i t y . 
H o m ework t o p i c s a r e i n c l u d e d a t t h e e n d o f e a c h o f t h e 
A c t i v i t y b o o k l e t s u s e d i n t h e f i r s t t h r e e w e e k s . 
Week 5. 
By t h e e n d o f t h i s s e s s i o n t h e c l a s s m u s t b e made a w a r e 
o f t h e n e e d t o i d e n t i f y a s i m p l e p r o d u c t w h i c h t h e i r 
m o d e l f a c t o r y w i l l 'make'. Week 4 a l l o w s f o r c l a s s 
d i s c u s s i o n a n d a c o r p o r a t e d e c i s i o n . 
WEEKS 4, 5 - 6 & 7. 
Read t h e ' L a s t F o u r W e e k s ' b o o k l e t b e f o r e Week 4. 
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T h e i n f o r m a t i o n i n t h e b o o k l e t h a s n o t b e e n s p l i t i n t o 
d e s c r e t e l y s e p a r a t e ' w e e k s ' o r ' E n g i n e e r s ' b o o k l e t s s o 
t h a t a l l p u p i l s h a v e a c c e s s t o t h e t o t a l w o r k l o a d o f 
t h e g r o u p a s a w h o l e . ( I t a l s o r e d u c e s t h e t e a c h e r s 
s t o r a g e p r o b l e m s . ) 
T h e t e a c h e r s h o u l d h a v e g i v e n some t h o u g h t t o t h e 
d e m o n s t r a t i o n a n d d i s p l a y f a c i l i t i e s w h i c h w i l l b e 
n e e d e d i n week 7. A r e t h e r e w a l l s u r f a c e s a v a i l a b l e ? 
S h o u l d t h e d i s p l a y b e p u b l i c ? I s t h e r e s u f f i c i e n t 
s e c u r i t y f o r a l o n g t e r m d i s p l a y ? W h a t p o w e r p o i n t s a r e 
a v a i l a b l e ? I s t h e r e a l a r g e e n o u g h t a b l e o r s i m i l a r 
s u r f a c e ? 
T h i s s e c o n d p a r t o f t h e c o u r s e a i m s t o p r o v i d e e a c h 
p u p i l w i t h t h e o p p o r t u n i t y t o b e c r e a t i v e . T h e t h r e e 
a r e a s o f e x p e r i e n c e a r e s t i l l a v a i l a b l e a n d p u p i l s c a n 
b e a l l o w e d a l i m i t e d d e g r e e o f c h o i c e i n r e s p e c t o f t h e 
m a t e r i a l s a n d t e c h n i q u e s t h e y p r e f e r t o w o r k w i t h b y 
b e i n g i n v o l v e d i n t h e c o m p o s i t i o n o f t h e ' E n g i n e e r s ' 
g r o u p s . T h i s i s s e e n a s a f u r t h e r d i m e n s i o n t o t h e 
p r o j e c t , a l l o w i n g a f o r m o f o v e r l a i d m a n a g e m e n t 
s t r u c t u r e t o b e u s e d b y p u p i l s r e c o g n i s i n g t h e 
o p p o r t u n i t y . 
T h e m a n a g e m e n t s t r u c t u r e i s f o r m e d b y s p l i t t i n g t h e 
c l a s s i n t o t h e t h r e e new g r o u p s , w h i c h , f o r t h e 
r e m a i n d e r o f t h e p r o j e c t t h e y w i l l a s s o c i a t e w i t h t h e 
c o m p u t e r , L e g o b u i l d i n g a n d t h e p r o d u c t i o n o f g r a p h i c s . 
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E a c h g r o u p w i l l t h e n d e l e g a t e t w o o f i t s m e m b e r s t o 
c o p e w i t h i n t e r — g r o u p c o m m u n i c a t i o n s a n d t h e d i s p l a y . 
T h i s L i a s o n g r o u p i s t o b e r e s p o n s i b l e f o r t h e 
f o l l o w i n g t h i n g s s 
a ) r e p r e s e n t i n g t h e v i e w s a n d n e e d s o f t h e g r o u p t h a t 
t h e y ' b e l o n g ' t o , 
fa) t a k i n g q u e s t i o n s f r o m o n e g r o u p t o a n o t h e r a n d 
r e t u r n i n g w i t h t h e a n s w e r s , 
c ) h e l p i n g o u t w i t h o t h e r g r o u p s w h e n t h e w o r k l o a d 
b e c o m e s u n b a l a n c e d . 
T h e m a n a g e m e n t s t r u c t u r e a l s o h e l p s t o a l l e v i a t e t h e 
v e r y r e a l p r o b l e m o f c l a s s r o o m d i s o r g a n i s a t i o n 
r e s u l t i n g f r o m q u a n t i t i e s o f b o d i e s w a n d e r i n g a r o u n d 
t h e r o o m d u p l i c a t i n g t h e s e a r c h f o r a n s w e r s ! 
T h e t e a c h e r c o n t i n u e s t o a s s u m e t h e r o l e o f a d v i s e r a n d 
p r o v i d e r , a l t h o u g h now i t i s n e c e s s a r y t o o v e r v i e w t h e 
m a n a g e m e n t s t r u c t u r e . T h e p u p i l s w i l l a d a p t t o t h e 
s t r u c t u r e p r o v i d i n g t h e r e i o n o a l t e r n a t i v e ! T h e 
t e a c h e r c a n f o s t e r i t s u s e b y ' p l a y i n g t h e game' a n d 
o n l y d i s c u s s i n g i n f o r m a t i o n w i t h t h e t a r g e t g r o u p . 
O t h e r u s e r s o f t h e i n f o r m a t i o n w i l l t h e n o n l y b e a b l e 
t o a c c e s s i t f r o m w i t h i n t h e s t r u c t u r e . 
I t i s a l s o p o s s i b l e t o m a i n t a i n t h e i m p e t u s n e c e s s a r y 
t o k e e p t o t h e t i m e t a b l e b y u t i l i s i n g t h e s t r u c t u r e a n d 
c h o o s i n g t h e p e r s o n s t o a d v i s e w i t h c a r e . 
Meek 4. 
T h e c l a s s m u s t f i r s t m e e t a s a s i n g l e e n t i t y t o d e f i n e 
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t h e a g r e e d ' p r o d u c t ' . A l t h o u g h t h i s i s n o t a b s o l u t e l y 
v i t a l , t h e e s t a b l i s h m e n t o-f a p r o d u c t , d e s c r i b e d b y t h e 
p u p i l s a n d p e r h a p s s k e t c h e d o n t h e b o a r d b y t h e 
t e a c h e r , w i l l - f o c u s t h e m i n d when t h e n e x t s t e p i s 
t a k e n = 
T h e B r i e f a s k s f o r f o u r m a c h i n e s , o n e o f w h i c h h a s t o 
h a n d l e m a t e r i a l s . T h e r e m a i n i n g t h r e e o u g h t t o b e f o r 
c u t t i n g , f i t t i n g a n d f i n i s h i n g . H o w e v e r t h i s may n o t 
seem a p p r o p r i a t e t o t h e p u p i l s a n d a n y w a y , i f t h e r e a r e 
s u f f i c i e n t i n t e r f a c e s a n d L e g o s e t s , i t i s p o s s i b l e t o 
c o n t r o l a maximum o f e i g h t i t e m s w i t h t h e s o f t w a r e 
p r o v i d e d . 
When t h e p r o d u c t i o n o u t l i n e h a s b e e n a g r e e d a n d 
u n d e r s t o o d b y a l l , t h e p u p i l s a s s u m e t h e i r E n g i n e e r 
s t a t u s a n d s u f f i c i e n t q u a n t i t i e s o f t h e " F i n a l F o u r 
Weeks" b o o k l e t c a n b e d i s t r i b u t e d . 
The; s o o n e r t h a t t h e p u p i l s c a n b e a l l o w e d t o c o n s i d e r 
t h e i r new r e s p o n s i b i l i t i e s a n d c o n s u l t t h e i r b o o k l e t s , 
t h e m o r e t i m e t h e t e a c h e r w i l l h a v e t o d e a l w i t h t h e 
r e q u e s t s f r o m t h e m f o r m a t e r i a l s a n d e q u i p m e n t . 
T h e L i a s o n g r o u p n e e d s t o b e i d e n t i f i e d a n d t h e i r 
r e s p o n s i b i l i t y f o r h a n d l i n g i n t e r - g r o u p q u e s t i o n s 
u n d e r s t o o d b y a l 1 = 
T h e r e s o u r c e b a s e s h o u l d c o n t a i n t h e same m a t e r i a l s a n d 
e q u i p m e n t a s w e r e a v a i l a b l e i n t h e f i r s t t h r e e w e e k s , 
w i t h t h e a d d i t i o n o f t h e t h r e e R e s e a r c h a n d D a t a B a n k 
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f i l e s a s s e m b l e d b y t h e p u p i l g r o u p s i n t h e f i r s t t h r e e 
w eeks= 
T h e C o n t r o l E n g i n e e r s w i l l n e e d p o w e r e d R e l a y S w i t c h e s 
f o r u s e w i t h PROGS. 
Meek 5. 
The P r o d u c t i o n E n g i n e e r s m u s t p l a n , a n d p u b l i c i s e , t h e 
D i s p l a y l a y o u t b e f o r e t h e e n d o f t h e l e s s o n . 
Weeks 5 j ; 6. 
When c o n s i d e r i n g w h a t t o w r i t e h e r e , I w a s r e m i n d e d o f 
t h e r e p l y g i v e n t o t h e man who a s k e d t h e way f r o m 
M a n c h e s t e r t o D u r h a m . A f t e r some t h o u g h t h e w a s t o l d , 
" I f i t w a s me, I w o u l d n ' t s t a r t f o m M a n c h e s t e r . " 
F r o m t h e p o i n t o f v i e w o f t h e t e a c h e r , t h e s e t w o w e e k s 
o u g h t t o h a v e b e e n p r o v i d e d a t t h e b e g i n n i n g w h e n a l l 
t h e p r e p a r a t i o n h a d t o b e d o n e b e c a u s e i f t h e p r o j e c t 
i s g o i n g w e l l t h e t e a c h e r w i l l b e f e e l i n g r e l a t i v e l y 
u n w a n t e d a n d w i t h l i t t l e t o c o n t r i b u t e i t i s t i m e t o 
t a k e t h e o p p o r t u n i t y t o s t a n d b a c k a n d r e f l e c t u p o n t h e 
a i m s o f t h e w o r k , t h e a t t i t u d e s o f t h e p u p i l s a n d t h e 
e f f e c t i v e n e s s o f t h e c o u r s e . A l l v i t a l i f t h e c o u r s e i s 
t o b e r e p e a t e d . 
A p a r t f r o m t h a t , r e m e d i a l w o r k c a n b e d o n e w i t h 
i n d i v i d u a l s a n d t h e r e w i l l b e t h e e v e r p r e s e n t n e e d f o r 
t h e r e s o u r c e s i t u a t i o n t o b e m o n i t o r e d . 
D i s p l a y m a t e r i a l s h o u l d b e made t o ' f i n i s h e d q u a l i t y ' 
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a n d w i l l n e e d t o b e s t o r e d - L e g o m o d e l s may n e e d t o b e 
t a k e n a p a r t i f t h e s c h o o l i s u s i n g t h e P r o j e c t w i t h 
m o r e t h a n o n e c l a s s o f p u p i l s . 
I t m i g h t b e w o r t h w h i l e t o i n v i t e a n ' o u t s i d e r ' t o t h e 
d e m o n s t r a t i o n i n week 7 = T h e t e a c h e r s d e c i s i o n o n t h i s 
m a t t e r w i l l n o d o u b t b e i n f l u e n c e d b y t h e p r o g r e s s t h e 
c l a s s i s m a k i n g ! 
Meek &. 
The p u p i l s w i l l n e e d t o b e r e m i n d e d o f t h e i r C o n t r a c t 
T i m e w h i c h e x p i r e s h a l f a n h o u r b e f o r e t h e e n d o f t h e 
n e x t s e s s i o n -
Week 7-
T h e c o n s t r u c t i o n o f t h e d i s p l a y w i l l d e p e n d u p o n t h e 
f a c i l i t i e s a v a i l a b l e b u t t h e r e w i l l b e a f i n i t e t i m e 
n e e d e d f o r t h e j o b . An e a r l y m e e t i n g o f t h t f P r o d u c t i o n 
E n g i n e e r s i s r e q u i r e d t o make t h i s a s s e s s m e n t s T h e 
c l a s s w i l l n e e d t o b e g i v e n t h e c u t - o f f t i m e w i l l a l l o w 
t h e d i s p l a y t o b e e r e c t e d a n d t e s t e d b e f o r e t h e 
C o n t r a c t t i m e . 
T h i s f i r s t h a l f o f t h e l e s s o n i s u s u a l l y h e c t i c - T h e 
r e s p o n s i b i 1 i e s f o r a c t i o n s a n d i n a c t i o n s a r e d i s c o v e r e d 
a n d o f t e n f i r m l y l e v e l l e d a t t h o s e p u p i l s who h a v e 
d e f a u l t e d . 
T h e e v a l u a t i o n s e s s i o n c a n b e r u i n e d i f t h e C o n t r a c t 
t i m e i s a l l o w e d t o o v e r — r u n . 
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P u p i l s do a p p r e c i a t e t h e sense o-f o c c a s i o n and even 
though v i s i t o r s cannot be expected t o - f u l l y a p p r e c i a t e 
t h e work done, t h e a u t o m a t i c o p e r a t i o n o-f t h e p r o j e c t 
w i l l c a p t u r e t h e i r a t t e n t i o n * 
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dL B-B jp> o_a i t =, = = = p p r o c e s s ^ = = =, = azBaj."fc.gz&a_a"fc. 
You are going to need to f i n d out about computer 
c o n t r o l o 
You may have used a Computer to play games, but 
Industry takes Computer Systems a l o t more s e r i o u s l y ! 
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INDUSTRIAL DESIGN IN MINIATURE. 
THE DESIGN BRIEF-
Your c l a s s i s go i n g t o l e a r n how t o become an 
I n d u s t r i a l Design Team. I t s t a s k i s t o d e s i g n , make and 
d i s p l a y an Automatic F a c t o r y - The f a c t o r y s h o u l d have 
t h r e e process machines and one machine which moves t h e 
m a t e r i a l s from one process machine t o an o t h e r . 
The f i n i s h e d f a c t o r y w i l l o n l y be a model, so 
even though a l l your l i t t l e machines w i l l work, we j u s t 
have t o p r e t e n d t h a t t h e p r o d u c t i s b e i n g made! 
CONTRACT TIMEs 
7 weekSo The Demonstration i s t o t a k e p l a c e 30 
minutes b e f o r e t h e end nf t h e seventh l e s s o n . I t i s 
p a s s i b l e t h a t v i s i t o r s w i l l a r r i v e a t t h a t t i m e t o 
assess your p r o d u c t . They must n o t be kept w a i t i n g . 
MATERIALS AVAILABLE; 
A BBC Computer System w i t h i n t e r f a c e s . 
T e c h n i c a l Lego C o n s t r u c t i o n K i t s . 
D i s p l a y m a t e r i a l s . 
Resource base. 
MOTE; 
Every member of t h e c l a s s can be t h i n k i n g of what 
t h e f a c t o r y might make, b u t a f i n a l d e c i s i o n does n o t 
have t o be made u n t i l t h e end of week 3. By t h i s t i m e 
a l l t h e members of t h e c l a s s w i l l have l e a r n e d about 
t h r e e t h i n g s . 
i . M a n u f a c t u r i n g Machinery. 
You w i l l have c o l l e c t e d i n f o r m a t i o n on many 
d i f f e r e n t t y p e s o f machines and t h e j o b s t h e y can do i n 
1 n d u s t r y . 
2 = The use of Model K i t s . 
You w i l l have l e a r n e d t o use TECHNICAL LEGO t o 
make models of t h i n g s which work. 
3. Computer Co n t r o l = 
You w i l l have used a computer t o t u r n 
e l e c t r i c a l t h i n g s on and o f f . 
Be s u r e t o keep l o o k i n g f o r h e l p i n t h e l e s s o n 
b o o k l e t and i f you a r e i n doubt about a n y t h i n g , t a l k i t 
out i n your team b e f o r e a s k i n g your t e a c h e r . 
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PUPIL LESSOM NOTES, 
COMPUTER CONTROL. 
You have read t h r o u g h t h e DESIGN BRIEF and you 
know t h a t you a r e g o i n g t o have t o -find o u t how a 
COMPUTER SYSTEM can h e l p you. 
I n t h i s RESOURCE FILE you w i l l -find i n f o r m a t i o n 
t h a t you w i l l need, b u t you w i l l have t o make your own 
c o l l e c t i o n of i n f o r m a t i o n i n your DATA and RESEARCH 
BANK. Make sure t h a t your t e a c h e r has e x p l a i n e d what 
t h i s i s , and t h a t you have s i a t s r i <=; handy„ 
When you come t o a word i n c a p i t a l l e t t e r s , you 
must w r i t e down i t s meaning. 
Whenever you reach a row of s t a r s i n t h e s e n o t e s , 
i t means t h a t you have j u s t r e ad about something which 
needs t o be doneand now i s t h e t i m e t o do i t . 
At t h i s t i m e , f o r example, you have t o make su r e 
t h a t your t e a c h e r has e x p l a i n e d t h y use of t h e bank. 
When your team i s s u r e t h a t a l l t h e members a r e 
ready, you can a l l r e a d on. 
Now ask f o r a copy of t h e COMPUTER SYSTEM MAP each. 
A SYSTEM i s a c o l l e c t i o n of t h i n g s which do 
something. Some p a r t s a r e f o r INPUTting, some a r e f o r 
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•UTFUTting and o t h e r s a r e -for PROCESSingn On t h e SYSTEM 
MAP you M i l l see t h e p a r t s o-f t h e COMPUTER SYSTEM drawn 
as b o x e B ; which sh o u l d be l i n k e d t o g e t h e r w i t h arrows. 
When Engineers want t o e x p l a i n t h i n g s t o each 
o t h e r , t h e y o-f t e n draw boxes and j o i n them t o g e t h e r 
l i k e t h i s - I-f t h e y don't say how t h e t h i n g i n t h e box 
works, t h e n t h e box i s known as a BLACK BOX* ( I t has 
n o t h i n g t o do w i t h c o l o u r . ! Perhaps you have heard 
about Black Boxes' on t h e t e l e v i s i o n news? F i n d o u t 
about them, p o s s i b l y from your p a r e n t s , as soon as 
p o s s i b l e . 
On your copy o-f t h e map t h e l i n e s which j o i n t h e 
boxes s h o u l d be arrows When you have worked o u t what 
th e arrows a r e t r y i n g t o t e l l you, you w i l l be a b l e t o 
add t h e arrow heads. You w i l l a l s o be a b l e t o l a b e l 
each box as an i n p u t , process or o u t p u t d e v i s e . 
Do t h i s now. 
I f t h e computer system i s s w i t c h e d Oi\S, s w i t c h i t 
OFF now= 
- & # # # ^ 
L i s t e n c a r e - f u l l y , and watch t h e KEYBOARD, when t h e 
computer system i s next s w i t c h e d ON. You sho u l d be 
aware of two o t h e r OUTPUT d e v i c e s . Decide what t o c a l l 
them and p r i n t t h e i r names i n s i d e t h e two empty boxes 
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on t h e (nap. 
One o-f your team s h o u l d s w i t c h t h e system ON a t 
t h e w a l l s o c k e t , w h i l s t t h e r e s t of t h e team observes 
t h e system^ I f you cannot agree about t h e s e two o t h e r 
OUTPUTS, then s w i t c h t h e system OFF and t r y a g a i n . 
You MUST f i n d t h e s e o u t p u t s b e f o r e you pass t h e 
nex t row of s t a r s ! 
SWITCH THE COMPUTER SYSTEM OFF AT THE WALL SOCKET NOw"! 
I t i s now t i m e t o add ano t h e r i t e m t o t h e COMPUTER 
SYSTEM. I t i s c a l l e d an INTERFACE BOARD, and i t s j o b i s 
t o a l l o w t h e computer t o be connected t o l o t s more 
OUTPUT and INPUT t h i n g s . 
When you get i t , you w i l l f i n d t h a t i t has two 
RIBBON CABLES. One has t o be plugged i n t o a PRINTER 
PORT, and t h e o t h e r goes i n t o a USER PORT. These p o r t s 
(some people c a l l them S o c k e t s ) , which a r e underneath 
t h e KEYBOARD, are f i x e d o n t o t h e edge of t h e 
MICROPROCESSOR BOARD. 
Since t h e INTERFACE BOARD w i l l be u s i n g t h e 
PRINTER PORT, i t w i l l n o t be p o s s i b l e t o have t h e 
PRINTER connected today. I f t h e p r i n t e r r i b b o n c a b l e i s 
a l r e a d y plugged i n , someone w i l l have t o remove i t . 
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When you reach t h s n e x t row o f s t a r s , ask f o r t h e 
INTERFACE BOARD and c a r e - f u l l y connect i t -
F i n d a p l a c e on your system map. and add t h e 
i n p u t / o u t p u t i n t e r - f a c e board. 
Your t e a c h e r w i l l be i n t e r e s t e d t o check your 
assembly b e f o r e s w i t c h i n g ON a t t h e w a l l s o c k e t -for 
you. You w i l l a l s o be g i v e n t h e RESEARCH DISC, on which 
todays PROGRAMS have been STORED, 
# • « • # # # # # # # « • # • « • « # # 
Someone w i l l need t o t y p e LOAD"PROG1", pr e s s t h e 
RETURN key, the n t y p e t h e word RUN and then p r e s s t h e 
RETURN key a g a i n . 
The team s h o u l d work o u t why you have t o pr e s s t h e 
RETURN key b e f o r e t h e computer system does what was 
typed = 
Make a n o t e of your d e c i s i o n . 
The computer w i l l now g i v e you h e l p , b u t don't 
f o r g e t t o keep p u t t i n g i n f o r m a t i o n i n t h e BANK! 
HOMEWORK„ 
1) Add c o l o u r t o your systems map. 
2) Make a c o l l e c t i o n of p i c t u r e s and no t e s about a 
computer d i f f e r e n t f rom t h e one you used i n c l a s s . 
3) Make a m i n i d i s p l a y f r o m your c o l l e c t i o n , show 
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i t t o your p a r e n t s and ask -for t h e i r s i g n a t u r e . 
Hand t h i s i n a t t h e b e g i n n i n g o f t h e next l e s s o n . 
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TC-3E RESEf l iBCH , A C T S 'V S TV 0 
A S P E C T S OF D^ HiAilXSihjO , BY MQCHIWE 
The Design B r i e f does n o t t e l l you what p r o d u c t t h e 
f a c t o r y w i l l be making- You need t o know about l o t s o-f 
Process Machines! 
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IMDUSTRIAL DESIGN IN MINIATURE. 
THE DESIGN BRIEF. 
Your c l a s s i s g o i n g t o l e a r n how t o become an 
I n d u s t r i a l Design Team. I t s t a s k i s t o d e s i g n , make and 
d i s p l a y an Automatic F a c t o r y . The -fac t o r y s h o u l d have 
t h r e e process machines and one machine which moves t h e 
m a t e r i a l s -from one process machine t o an o t h e r . 
The f i n i s h e d f a c t o r y w i l l o n l y be a model, so 
even though a l l your l i t t l e machines w i l l work, we j u s t 
have t o p r e t e n d t h a t t h e p r o d u c t i s be i n g made! 
CONTRACT TIME? 
7 weeks. The Demo n s t r a t i o n i s t o t a k e p l a c e 30 
minutes b e f o r e t h e end of t h e seventh l e s s o n . I t i s 
p o s s i b l e t h a t v i s i t o r s w i l l a r r i v e a t t h a t t i m e t o 
assess your p r o d u c t . They must n o t be kept w a i t i n g . 
MATERIALS AVAILABLE. 
A BBC Computer System w i t h i n t e r f a c e s . 
T e c h n i c a l Lego C o n s t r u c t i o n K i t s . 
D i s p l a y m a t e r i a l s . 
Resource base. 
NOTE. 
Every member of t h e c l a s s can be t h i n k i n g of what 
t h e f a c t o r y might make, b u t a f i n a l d e c i s i o n does n o t 
have t o be made u n t i l t h e end of week 3. By t h i s t i m e 
a l l t h e members of t h e c l a s s w i l l have l e a r n e d about 
t h r e e t h i n g s . 
1. M a n u f a c t u r i n g Machinery. 
You w i l l have c o l l e c t e d i n f o r m a t i o n on many 
d i f f e r e n t t y p e s of machines and t h e j o b s t h e y can do i n 
i n d u s t r y . 
2. The use of Model K i t s . 
You w i l l have l e a r n e d t o use TECHNICAL LEGO t o 
make models of t h i n g s which work. 
3. Computer C o n t r o l . 
You wi11 have used a computer t o t u r n 
e l e c t r i c a l t h i n g s on and o f f . 
Be s u r e t o keep l o o k i n g f o r h e l p i n t h e l e s s o n 
b o o k l e t and i f you a r e i n doubt about a n y t h i n g , t a l k i t 
out i n your team b e f o r e a s k i n g your t e a c h e r . 
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PUPIL LESSON NOTES-
MACHINING. 
Read r i g h t t h r o u g h t h i s b o o k l e t be-fore d o i n g 
a n y t h i n g e l s e . 
You have read t h r o u g h t h e DESIGN BRIEF and you 
know t h a t you a r e g o i n g t o have t o f i n d o u t about t h e 
way t h i n g s a r e made, or PRODUCED, i n modern f a c t o r i e s . 
T h i s RESOURCE FILE g i v e s you some p o i n t e r s t o t h e 
t a s k of RESEARCHING t h e s u b j e c t of MATERIALS HANDLING 
machinery. You w i l l have t o make a c o l l e c t i o n of not e s 
f o r your DATA and RESEARCH BANK. Make su r e t h a t your 
t e a c h e r has e x p l a i n e d what t h i s i s , and t h a t you have 
t h e m a t e r i a l s handy. 
Whenever you reach a row of s t a r s i n t h e s e n o t e s , 
i t means t h a t you have j u s t read about something which 
needs t o be done. Now i s t h e tiiise t o do i t and not 
b e f o r e . At t h i s t i m e , f o r example, you have t o make 
sur e t h a t your t e a c h e r has e x p l a i n e d . 
When your team i s s u r e t h a t a l l t h e members a r e 
ready, you can a l l read on. 
When you come t o a word i n c a p i t a l l e t t e r s , you 
must w r i t e down i t s meaning. 
No one has y e t decided what t h e F a c t o r y i s go i n g 
t o p r e t e n d t o make, b u t when a PRODUCT has been decided 
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upon, t h i s i s what must happen. 
1) D e c i s i o n s w i l l have t o be made about what 
MATERIAL t h e p r o d u c t c o u l d be made from. 
2) When t h e m a t e r i a l has been chosen, d e c i s i o n s 
about how i t i s go i n g t o be worked i n t o i t s f i n a l shape 
w i l l have t o be t a k e n . 
3) When t h i s has been done, someone w i l l need t o 
know which machines would do t h e j o b or j o b s = 
So t h e r e a r e t h r e e t h i n g s t o be done, and your 
group w i l l spend t h i s l e s s o n - f i n d i n g i n f o r m a t i o n about 
a l l t h r e e . 
One of your team s h o u l d c o l l e c t a l l t h e r e s e a r c h 
RESOURCE m a t e r i a l s and equipment from t h e te a c h e r now. 
You have t o make a c o l l e c t i o n of p i c t u r e s and n o t e s . 
You s h o u l d use w r i t i n g , c u t - o u t s , drawings and c o l o u r s . 
These a r e your t h r e e areas. D i v i d e them between t h e 
members of your team, and f i n d e vidence t o answer t h e 
q u e s t i o n s i n t h i s b o o k l e t . 
1) MATERIALS. 
a) What a r e MATERIALS? 
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b) How many d i f f e r e n t m a t e r i a l s can you f i n d t h a t a r e 
used t o make p r o d u c t s ? 
c) How do t h e m a t e r i a l s behave? (What a r e t h e i r main 
PROPERTIES?) 
d) What e l s e have you found o u t ? 
2) PROCESSES. 
a) What a r e PROCESSES? 
b) How many d i f f e r e n t processes can you f i n d ? 
c) Are some processes always l i n k e d w i t h o t h e r s ? 
d) Are t h e r e any processes which always have t o be used 
when making a p r o d u c t ? 
e) I f you lo o k a t your l i s t of processes, you s h o u l d 
f i n d t h a t t h e y f a l l i n t o groups. Can you name t h e 
groups? 
f ) What e l s e have you found o u t ? 
3> MACHINES. 
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a) What i s a MACHINE? 
b) F i n d as many examples of machines as you can. Draw 
up a t a b l e and f i l l i t w i t h t h e answers t o t h e 
f o l l o w i n g q u e s t i o n s f a r each machine. 
i . What POWERS i t ? 
i i . I s i t FREE-STANDING or HAND-HELD? 
i i i . I s i t AUTOMATIC? 
i v . How i s i t CONTROLLED? 
v. What does i t do? 
v i . What m a t e r i a l i s i t DESIGNED t o PROCESS? 
c) What e l s e have you found o u t ? 
HOMEWORK. 
1) F i n d someone who works w i t h any k i n d o f 
machinery, t e l l them about your l e s s o n and f i n d o u t 
from them what t h e i r machine does and how t h e y o p e r a t e 
i t . 
2) With w r i t i n g and s k e t c h i n g , d e s c r i b e f o r your 
t e a c h e r what you have found o u t . 
3) Ask your p a r e n t s t o read and s i g n i t . 
Hand t h i s i n a t t h e b e g i n n i n g of t h e next l e s s o n . 
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You a r e g o i n g t o -find o u t about T e c h n i c a l Lego. 
You may be used t o p l a y i n g w i t h i t , b u t now you have t o 
use i t as Process Designers would! 
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INDUSTRIAL DESIGN IN MINIATURE. 
THE DESIGN BRIEF. 
Your c l a s s i s g o i n g t o l e a r n how t o become an 
I n d u s t r i a l Design Team. I t s t a s k i s t o d e s i g n , make and 
d i s p l a y an Automatic F a c t o r y . The -fac t o r y s h o u l d have 
t h r e e process machines and one machine which moves t h e 
m a t e r i a l s -from one process machine t o an o t h e r . 
The f i n i s h e d f a c t o r y w i l l o n l y be a model, so 
even though a l l your l i t t l e machines w i l l work, we j u s t 
have t o p r e t e n d t h a t t h e p r o d u c t i s b e i n g made! 
CONTRACT TIMEs 
7 weeks. The Demonstration i s t o t a k e p l a c e 30 
minutes b e f o r e t h e end of t h e seventh l e s s o n . I t i s 
p o s s i b l e t h a t v i s i t o r s w i l l a r r i v e a t t h a t t i m e t o 
assess your p r o d u c t . They must n o t be kept w a i t i n g . 
MATERIALS AVAILABLE? 
A BBC Computer System w i t h i n t e r f a c e s . 
T e c h n i c a l Lego C o n s t r u c t i o n K i t s . 
D i s p l a y m a t e r i a l s . 
Resource base. 
NQTEs 
Every member of t h e c l a s s can be t h i n k i n g of what 
t h e f a c t o r y might make, but a f i n a l d e c i s i o n does n o t 
have t o be made u n t i l t h e end of week 3= By t h i s t i m e 
a l l t h e members of t h e c l a s s w i l l have l e a r n e d about 
t h r e e t h i n g s . 
1. M a n u f a c t u r i n g Machinery. 
You w i l l have c o l l e c t e d i n f o r m a t i o n on many 
d i f f e r e n t types, o f machines and t h e j o b s t h e y can do i n 
i n d u s t r y . 
2= The use of Model K i t s . 
You w i l l have l e a r n e d t o use TECHNICAL LEGO t o 
make models of t h i n g s which work. 
3. Computer C o n t r o l . 
You wi11 have used a computer t o t u r n 
e l e c t r i c a l t h i n g s on and o f f . 
Be sure t o keep l o o k i n g f o r h e l p i n t h e le s s o n 
b o o k l e t and i f you ar e i n doubt about a n y t h i n g , t a l k i t 
out i n your team b e f o r e a s k i n g your t e a c h e r . 
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PUPIL LESSOR NOTES. 
MODELLIHB„ 
Read r i g h t t h r o u g h t h i s b o o k l e t be-fore doing 
a n y t h i n g else,. 
You have r e a d t h r o u g h t h e DESIGN B R I E F and you 
know t h a t you a r e goin g t o have t o -find a way o-f 
b u i l d i n g machines. 
T h i s RESOURCE F I L E t e l l s you how t o go about 
p r e p a r i n g f o r t h e job o-f MODELLING MACHINERY* 
As you w i l l s e e , you w i l l have t o make a 
c o l l e c t i o n of n o t e s -for your DATA and RESEARCH BANK. 
Hake s u r e t h a t your t e a c h e r h a s e x p l a i n e d what t h i s i s , 
and t h a t you have t h e m a t e r i a l s handy. 
Whenever you r e a c h a row o-f s t a r s i n t h e s e n o t e s , 
i t means t h a t you have j u s t r e a d about something which 
needs t o be done, Npw_ i s the. t i m e t o do i t and n e t 
be-fore. At t h i s t i m e , f o r example, you have t o make 
s u r e t h a t your t e a c h e r h a s e x p l a i n e d . 
When your team i s s u r e t h a t a l l t h e members a r e 
r e a d y , you can a l l r e a d on. When you come t o a word 
i n c a p i t a l l e t t e r s , you must w r i t e down i t s meaning. 
I n o r d e r t o make a F a c t o r y , you need t o be a b l e t o 
c o n s t r u c t MODEL mach i n e r y . ( T h i s i s b e c a u s e i t would 
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t a k e too much t i m e and money f o r you t o b u i l d t h e r e a l 
t h i ngs! ) 
In t h e Lego K i t you w i l l f i n d a - f i l e of t h i n g s t o 
make, and i t w i l l show you how t o put t h e p a r t s 
t o g e t h e r . Some o-f t h e t h i n g s c o u l d be d e s c r i b e d a s 
models of r e a l machines,, You c o u l d a l s o MODIFY t h e Lego 
d e s i g n s t o make models o-f o t h e r machines. 
Two t h i n g s have t o be done, and both a r e v e r y 
i mportant = 
1) Ha one h a s d e c i d e d y e t what s o r t o-f F a c t o r y t h e 
c l a s s i s going t o make, or what PRODUCT t h e -factory 
w i l l p r e t e n d t o make, s o no one knows y e t what machines 
a r e going t o be needed-
I t would seem s e n s i b l e t o make a s many d i f f e r e n t 
machines a s p o s s i b l e i n t h i s l e s s o n . I t might a l s o be a 
good i d e a t o f i n d out what o t h e r p e o p l e have made, and 
make something d i f f e r e n t . 
2) The second t h i n g t o do i s t o keep a r e c o r d of 
what you a r e doing. I f no one does, th e n when i t comes 
t o d e c i d i n g what machines can be modelled f o r t h e 
f a c t o r y , we won't have any e v i d e n c e of how d i f f i c u l t 
t h e y a r e t o make, or how much ti m e t h e y t a k e t o b u i l d , 
or how wel1 t h e y work, or what t h e y look l i k e . 
E a c h machine you make must have a s h o r t F'RODUCT 
REPORT which goes i n t o t h e BANK. The r e p o r t needs t o 
have WOTES and SKETCHES which d e s c r i b e t h e MAKING and 
TESTING of t h e model, t o g e t h e r w i t h COMMENTS on whether 
i t i s any good, or n o t , and why. 
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Make s u r e t h a t you l e a v e 10 m i n u t e s f o r p a c k i n g 
and c h e c k i n g , a t t h e end of t h e l e s s o n . 
The b i t s i n t h e K i t s a r e f i d d l y and smal1= I t i s 
e a s y t o drop them on t h e -floor. At t h e end of t h e 
l e s s o n a l l t h e models have t o be t a k e n a p a r t and t h e 
k i t must be checked. T h i s i s done by comparing t h e k i t 
w i t h t h e p l a n on Lego f i l e c a r d No.1. I f any b i t s a r e 
riot i n t h e i r c o r r e c t p l a c e THEY MUST BE FOUND. 
I f you need a power s u p p l y t o make t h e e l e c t r i c 
motor work, you s h o u l d a s k your t e a c h e r - Lego motors 
need 4=5 v o l t s . They s h o u l d not be g i v e n more t h a n 
t h i s , s o check t h e Power S u p p l y b e f o t e you s w i t c h i t 
on = 
HOMEWORK. 
1) U s i n g m a t e r i a l s which a r e n o r m a l l y thrown awayp 
c a r d , p l a s t i c , paper e t c . , make a s i m p l e model of a 
machine. I t s h o u l d have a moving p a r t . 
2) Show i t t o your p a r e n t s , ask them i f t h e y l i k e 
i t and ask them t o s i g n i t somewhere. 
Hand t h i s i n a t t h e b e g i n n i n g of t h e n e x t l e s s o n . 
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Tro-flE: i^oTOtMiiPaT % O F A C T O R Y 
"TIH1E DESZBM A C T I V I T Y 
CD C3 C3 C3 C3 O C3 O 
,and now -for t h e -Factory! 
And o n l y f o u r w©gks lm$t t o do i t i n ! 
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INDUSTRIAL DESIGN IN MINIATURE. 
THE DESIGN B R I E F , 
Your c l a s s i s goin g t o l e a r n how t o become an 
I n d u s t r i a l D e s i g n Team. I t s t a s k i s t o d e s i g n , make and 
d i s p l a y an Automatic F a c t o r y . The f a c t o r y s h o u l d have 
t h r e e p r o c e s s machines and one machine which moves t h e 
m a t e r i a l s from one p r o c e s s machine t o a n o t h e r . 
The f i n i s h e d f a c t o r y w i l l o n l y be a model, s o 
even though a l l your l i t t l e machines w i l l work, we j u s t 
have t o p r e t e n d t h a t t h e p r o d u c t i s b e i n g made! 
CONTRACT TIMEs 
7 weeks. The D e m o n s t r a t i o n i s t o t a k e p l a c e 30 
minu t e s b e f o r e t h e end of t h e s e v e n t h l e s s o n . I t i s 
p o s s i b l e t h a t v i s i t o r s w i l l a r r i v e a t t h a t t i m e t o 
a s s e s s your p r o d u c t . They must not be kept w a i t i n g . 
MATERIALS AVAILABLE: 
A BBC Computer System w i t h i n t e r f a c e s . 
T e c h n i c a l Lego C o n s t r u c t i o n K i t s . 
D i s p l a y m a t e r i a l s . 
R e s o u r c e b a s e . 
NOTEs 
E v e r y member of t h e c l a s s can be t h i n k i n g of what 
t h e f a c t o r y might make, but a f i n a l d e c i s i o n does not 
have t o be made u n t i l t h e end of week 3. By t h i s t i m e 
a l l t h e members of t h e c l a s s w i l l have l e a r n e d about 
t h r e e t h i n g s . 
1. M a n u f a c t u r i n g Machinery. 
You w i l l have c o l l e c t e d i n f o r m a t i o n on many 
d i f f e r e n t t y p e s of machines and t h e j o b s t h e y c a n do i n 
1 n d u s t r y . 
2 = The u s e of Model K i t s * 
You w i l l have l e a r n e d t o u s e TECHNICAL LEGO t o 
make models of t h i n g s which work. 
3. Computer C o n t r o l . 
You w i l l have used a computer t o t u r n 
e l e c t r i c a l t h i n g s on and o f f . 
Be s u r e t o keep l o o k i n g f o r h e l p i n t h e l e s s o n 
b o o k l e t and i f you a r e i n doubt about a n y t h i n g , t a l k i t 
out i n your team b e f o r e a s k i n g your t e a c h e r . 
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PUPIL LESSON NOTES. 
THE LAST FOUR WEEKS. 
T h i s i s week 4. You have f o u r weeks, i n c l u d i n g 
t h i s one, t o f i n i s h t h e P r o j e c t and win t h e con t r a c t , , 
The t i m e - t a b l e i s a s f o l 1 o w s s — 
PROJECT WEEK 4. "MANAGEMENT STRUCTURE WEEK." 
A P r o d u c t has t o be d e c i d e d upon, and t h e 
m a t e r i a l ( s ) from which i t i s t o be made need t o be 
s t a t e d . 
The maximum number of P r o c e s s e s h a s t o be a g r e e d , 
and each h a s t o be d e s c r i b e d so t h a t i t can be 
modelIed = 
When t h e p r o d u c t and t h e p r o c e s s e s have been 
d e c i d e d upon, t h e c l a s s h a s t o be d i v i d e d i n t o a n o t h e r 
t h r e e g r o ups. T h i s i s b e c a u s e t h e r e a r e t h r e e major 
t a s k s which need t o be done. 
T h e r e i s a n o t h e r t a s k , communications, which w i l l 
need two p e o p l e from each e n g i n e e r s group. They w i l l 
form t h e L i a s o n Group. 
1) The M e c h a n i c a l E n g i n e e r s . 
a) To be r e s p o n s i b l e f o r t h e D e s i g n , C o n s t r u c t i o n , 
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EVALUATION and COMMISSIONING of a l l P r o c e s s machinery. 
b) To produce P r o d u c t R e p o r t s and OPERATING 
INSTRUCTIONS f o r each one. 
c ) Two members, t o be named, t o l i a i s e w i t h t h e 
C o n t r o l and P r o d u c t i o n E n g i n e e r s . 
2) The C o n t r o l E n g i n e e r s . 
a) To be r e s p o n s i b l e f o r t h e SEQUENCING and TIMING 
of t h e f a c t o r y . 
b) To l i a i s e w i t h t h e P r o d u c t i o n E n g i n e e r s and 
i n p u t t h e t i m i n g and seq u e n c e DATA i n t o t h e C o n t r o l 
Program. 
c ) To t e s t i t s o p e r a t i o n , and t o produce a CONTROL 
FLOWCHART. 
d) Two members, t o be named, t o l i a i s e w i t h t h e 
Me c h a n i c a l and P r o d u c t i o n E n g i n e e r s . 
5) The P r o d u c t i o n E n g i n e e r s . 
a) To be r e s p o n s i b l e f o r t h e PROCESS SEQUENCE and 
TIMING DATA and t o d i s c u s s t h i s w i t h t h e C o n t r o l 
E n g i n e e r s . b) To produce a l l manner of d e s c r i p t i v e 
m a t e r i a l s which a r e t o do w i t h t h e F a c t o r y . 
c ) To d e s i g n and a s s e m b l e a d i s p l a y of t h e work 
n e c c e s s a r y t o d e s i g n t h e F a c t o r y . 
d> Two members, t o be named, t o l i a i s e w i t h t h e 
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C o n t r o l and M e c h a n i c a l E n g i n e e r s . 
F o r t h e r e s t of t h e l e s s o n s — 
The M e c h a n i c a l E n g i n e e r s s h o u l d r e s e a r c h t h e 
r e q u i r e d machinery= 
H a l f of t h e C o n t r o l E n g i n e e r s and h a l f of t h e 
P r o d u c t i o n E n g i n e e r s s h o u l d g e t t o g e t h e r t o s o r t out 
t h e SEQUENCE i n which t h e machines work and t h e i r 
TIMING-
The r e m a i n d e r of t h e C o n t r o l E n g i n e e r s s h o u l d look 
a t t h e C o n t r o l Program <PRQB4) on t h e computer system-
The r e m a i n d e r of t h e P r o d u c t i o n E n g i n e e r s s h o u l d 
s t a r t REVIEWING a l l t h e i n f o r m a t i o n c o l l e c t e d by t h e 
c l a s s i n t h e R e s e a r c h and Data Banks. 
PROJECT KEEK 5. "DEVELOPMENT MEEK 1." 
A l l groups t o e x p e r i m e n t i n t h e i r a r e a , working 
towards t h e i r aims a s s e t out above i n Week 4= 
A drawing of t h e DISPLAY LAYOUT PLAN has t o be 
po s t e d on a w a l l b o a r d , by t h e P r o d u c t i o n E n g i n e e r s , 
b e f o r e t h e end of t h e l e s s o n -
Notes ALL LEGO MODELS ARE TO BE TAKEN APART BEFORE 
THE END OF THE LESSON AND THE K I T S CHECKED. 
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G r a p h i c s work done by t h e P r o d u c t i o n E n g i n e e r s can 
be p e r m a n e n t l y manufactured-
PROJECT WEEK 6. "DEVELOPMENT WEEK 2." 
T h i s i s a n o t h e r o p p o r t u n i t y t o b u i l d t e s t and 
i l l u s t r a t e . A l l c l a s s members must have looked a t , and 
u n d e r s t o o d , t h e d i s p l a y l a y o u t p l a n . 
Notes ALL LESO MODELS ARE TO BE TAKEN APART BEFORE 
THE END OF THE LESSON AND THE K I T S CHECKED. 
G r a p h i c s work done by t h e P r o d u c t i o n E n g i n e e r s can 
be p e r m a n e n t l y manufactured. 
PROJECT WEEK 7. "GETTING I T ALL TOGETHER WEEK." 
T h i s i s t h e l a s t s e s s i o n a l l o w e d . 
The P r o d u c t i o n E n g i n e e r s must meet f o r 10 rain. a t 
t h e s t a r t of t h e l e s s o n , and a g r e e t h e t i m e when 
b u i l d i n g h a s t o s t o p and t h e working D i s p l a y s t a r t s t o 
be a s s e m b l e d . They must i n f o r m t h e c l a s s . 
The D i s p l a y i s t o be r e a d y f o r d e m o n s t r a t i o n a t 
C o n t r a c t Time. 
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CONTRACTTIMECONTR ACTTIMECONTRACTTIMECQNTRACTTIMECONTRAC 
TTIHECONTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACTTIMECO 
NTRACTTI MECONTR ACTT IMECQNTRAC-TTI MECONTR ACTT IMECONTRACTT 
IMECONTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACTTIMECONT 
R ACTFIMECONTRACTTIMECONTRACTTIMECDNTRACTTIMECONTRACTTIM 
ECONTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACTTIMECONTKA 
H a l f an hour b e f o r e t h e end of t h e l e s s o n , 
t h e r e i s t o be a working model f a c t o r y s u r r o u n d e d by a 
d i s p l a y of e x p l a n a t i o n s and g r a p h i c s -
CONTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACTTIMECONTRAC 
TTIMECONTRACTTIMECONTRACTTIMECONTRACTTIMECCNTRACTTIMECO 
NTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACTT 
IMECONTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACTTIMECONT 
RACTTIMECONTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACTTIM 
ECONTRACTTIMECONTRACTTIMECONTRACTTIMECONTRACTTIMECONTRA 
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I f any T e c h n o l o g i s t s w i s h t o photograph t h e 
f i n i s h e d d i s p l a y , t h i s w i l l be t h e ti m e . Remember t h a t 
you a r e e n t i r e l y r e s p o n s i b l e f o r your camera, and t h a t 
f l a s h w i l l g i v e you b e t t e r p i c t u r e s . 
PAGE 250 
THE AUTOMATIC FACTORY - THE REAL WORLD ISM MODEL S I Z E 
ITD-0[g @JLQTOJMjgbX K O F A C T O R Y 
CQIM1PUTER FROSRfllMSo 
"Anything t h a t c a n go wrong, w i l l . = . and d o s s . " 
(Murphy.) 
The S o f t w a r e p r e s e n t e d w i t h t h i s P r o j e c t h a s been 
w r i t t e n and run on a s t a n d a r d BBC microcomputer w i t h 40 
t r a c k d i s c d r i v e . 
The programs a r e w r i t t e n i n BASIC and a r e not supposed 
t o r e p r e s e n t t h e ' S t a t e Of The A r t ' whgn i t comes t o 
programming. T h e r e a r e no f a n c y b i t s s no machine code 
o r o b s c u r e »FX commands. (More l i k e my mothers meat 8t 
p o t a t o e p i e r a t h e r t h a n t h e cordon b l e u a t t h e Savoy.) 
They a r e not i n t e n d e d t o form p a r t of t h e p u p i l s 
e d u c a t i o n ^ a s w i t h t h e r e s t of t h e package t h e y e x i s t 
a s an example of Black-Box t e c h n o l o g y . 
I f th© p u p i l s r e p o r t t h a t t h e program no l o n g e r does 
what i t 'did b e f o r e ' o r h a s 'stopped' o r some o t h e r 
c a t a s t r o p h e h a s become m a n i f e s t , don't b o t h e r w i t h an 
i n q u e s t - p r e s s <ESCAPE> and RUN t h e program a g a i n . 
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I ST 
10 REM PRDB1 
20 REM THE AUTOMATIC FACTORY. 
30 REM C.N.L. FRANCE= DH1 IEA- 1987. 
40 REM OUTPUTS GO HIGH ONE AT A TIME 
50 7&FE61-G 
60 M0DE6 
70 MDU19,O 3 4 g O§ 0g05 
BO PRINTTAB<12 53)"CONTROL PROG 1" 
90 PR I NTT AB (4.5) " You w i l l each need a PLAN of t h e " 
100 PRINTTAB<4 s7)"INTERFACE BOARD. When you have RUN1 
110 PR I NTT AB (4 ? 9) " t h i s program a -few t i m e s , you" 
120 PRINTTAB<4 ? 11 .) " s h o u l d be a b l e t o add t o thp>" 
130 PRINTTAB(4,13)"PLAN so t h a t i t d e s c r i b e s " 
140 PRINTTAB(4 315)"what t h e program does." 
150 PRINTTAB(4,20)"Sketch your p l a n s now." 
160 PRINTTAB(4 s 2 2 ) " P r e s s t h e <SPACE BAR> t o r n n t i n u e , 
170 S=GET 
180 CLS 
190 PRINTTAB(4,4)"CONTROL NUMBERS," 
200 w a i t ~ 2000 
210 PRINT' =" 
220 A = 1 
230 ?8<FE61=A 
240 PRINT A 
250 FOR x = 1 TO w a i t s NEXT 
260 FOR B -0 TO 6 
270 A = 2"(B+1) 
280 PRINTA 
290 ?8iFE61=A 
300 FOR :< = 1 TO w a i t 
310 NEXT 
320 NEXT 
330 PRINTTAB(4,IB)"What might t h e numbers be f o r ? " 
340 P R I N T T A B ( 4 , 2 2 ) " P r e s s t h e <SPACE BAR> t o r e p e a t . 
350 PRINTTAB(4 ? 23)"ESCAPE and l o a d PROG2 t o c o n t i n u e 
360 G=GET 
370 GOTO180 
L I S T 
10 REM PR0G2 
20 REM THE AUTOMATIC FACTORY. 
30 REM C.N.L. FRANCE-, DH1 1EA. 1987, 
40 REM INPUT NUMBER, LED LIGHTS UP. 
50 M0DE6 
60 V D U i ^ O j 4nG§ 0§0g 
70 ?&FE61=0 
QO DIM l i s t 7. (20) 
90 CLS 
100 z/£—6 
110 PR I NT TAB (12 9 3) 51 CONTROL PROG 2 „ " 
120 P R I M T T A B ( 4 P 6 ) " T h i s i s t h e f i r s t p a r t . " 
3.30 PRINTTAB ( 4 5 9) "Type i n one of t h e CONTROL numbers" 
140 P R I N T T A B ( 4 , I I ) " y o u were g i v e n by PR0G1." 
150 PRINTTAB(4 ?13)"and keep your e y e on t h e LED 7 s 3. " 
160 I NPi fTTAB (4, 21) NT, 
170 PROCtest 
ISO I F f l a g = 0 GOTO160 
190 ?&KE61=N% 
200 z%=z!/.-l 
210 I F ?.%~0 PROCnext 
220 CLS 
230 PRINTTAB(4 P5) "(You have "?z%§" goes l e f t . ) " 
240 PRIMTTAB(4 99) "You typed i n "sM% 
250 PRINTTAB(4, 11) "An LED has l i t up." 
260 PRINTTAB(4 513) "Type i n a n o t h e r number." 
270 GOTO 160 
280 DEFPRQCnex t 
290 CLS 
300 ?S?FE61=0 
310 PRINTTAB(4,5)"Now f o r a b i t of f u n . " 
320 P R I N T T A B ( 4 , 7 ) " I n a moment, I want someone" 
330 PRINTTAB(4,9)"to t y p e i n a l i s t of numbers." 
340 PRINTTAB(4,11)"Use t h e numbers you were g i v e n " 
350 PRINTTAB(4,13)"by PR0G1. The numbers which you" 
360 PRINTTAB(4,15)"choose, and t h e o r d e r t h e y a r e " 
370 PRINTTAB(4,17)"given t o me, I l e a v e up t o you." 
380 PRINTTAB (4, 19) ,D I need TWENTY numbers!" 
390 P R I N T T A B ( 4 , 2 2 ) " P r e s s <SPACE BAR> t o c o n t i n u e . " 
400 G=GET 
410 CLS 
420 FOR in7.= l TO 20 
430 PRINTTAB (4, 15) "Gi ve me a number. "% i n%; s INPUT ") "N7. 
440 CLS 
450 PROCtest 
460 I F f l a g = 0 G0T0430 
470 1 i s t % < i n7.) =N7. 
480 NEXT 
490 CLS 
500 PRINTTAB(4,5)"Now watch t h e LED"s=" 
510 ?&FE61=0 
520 FOR wait7.= l TO 10000s NEXT 
530 FOR o u t % = i TO i n % - l 
540 ?&FE61=1 i st7. ( o u t % ) 
550 FOR wait7.= l TO 8000s NEXT 
560 NEXT outX 
570 ?S<FE61=0 
580 P R I N T T A B ( 4 9 5 ) " A l t h o u g h someone t y p e d i n t h e " 
590 PRINTTAB(4,6)"numbers, t h e computer d i d many" 
600 PRINTTAB (4, 7) " v e r y d i f f e r e n t t h i n g s - " 
610 PRINTTAEi (4, Q> " T a l k about t h i s and th e n you c a n " 
620 P R I N T T A B ( 4 3 9 ) " w r i t e down what t h e y were-" 
630 P R I N T T A B ( 4 , I S ) " H e r h a o s you would l i k e t o t r y o u t " 
640 PRiNTTAB(4,14)"some F l a s h P a t t e r n s b e f o r e you 1' 
650 P R I N T T A B ( 4 , 1 5 ) " f i n i s h w i t h t h i s proqram?" 
660 PRINTTAB (4, 16) " (Keep a note of your b e s t one, ) " 
670 PRINTTAB(4 ?17)"To do fchisP a l l you do i s j u s t " 
6B0 P R I N T T A B ( 4 , I B ) " p r e s s t h e <SPACE BAR>-" 
690 PRINTTAB(4 ?22)"ESCAPE and l o a d PR063 t o c o n t i n u e . " 
70O 6=GET 
710 CLS 
720 PRINTTAB<4,8)"PLEASE CHANGE THE ORDER-" 
730 G0T0340 
74ODEFPR0Ctest 
750 RESTORE 
760 f I a g = 0 
770 FOR t e s t % = l TO 8 
7BO READ d a t a 
790 I F N°/.=data f l a g = I 
SOO NEXT test"/. 
810 I F f l a g = 0 CLS s PRINTTAB (8, 7) N/f, 5 "7"sPRINTTAB(4,9) "Look 
l i s t of numbers a g a i n - " 
820 ENDPROC 
830 DATA 1,2,4,0,16,32,64,120 
L I S T 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
i a o 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
300 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
5BO 
590 
198/: 
REM PRQG3 
REM THE AUTOMATIC FACTORY. 
REM C.N-L- FRANCE- DH'i 1EA. 
REM TO ALLOW THE HOUSE GAME 
M0DE6 
??*FE61=0 
VDU19,0,4505 Og Os 
PR I NTT AB (1.2 s 3) "CONTROL PROG 3" 
DIM li«Jt7=(20) 
PRINTTAB (4,, 5) " You w i l l now need t o connejct" 
PRINTTAB (4s, 6) " t h e l i t t l e House Board t o t h e " 
PRINTTAB(4 p 7)"INTERFACE BOARD„" 
PRINTTAB(4 59)"To do t h i s you need t o c o n n e c t t h e " 
P RINTTAB<4 310)"blark WIRE/PLUG t o t h e b l a c k O v o l t " 
PRINTTAB(4,11)"socket on t h e INTERFACE BOARD-" 
PRINTTAB(4,12)"Then t h e o t h e r p l u g s go t o " 
P R I N T T A B ( 4 ? 1 3 ) " t h e green s o c k e t s . " 
PRINTTAB(4,19)"Cunnect them up now-" 
P R I N T T A B ( 4 5 2 3 ) " P r e s s <SPACE BAR> a f t e r c o n n e c t i n g 
G=GET 
CLS 
PRINTTAB(4, 
PRINTTAB(4, 
PRINTTAB(4 ; 
PRINTTAB(4 5 
PRINTTAB(4 S 
PRINTTAB(4 5 
PRINTTAB(4 ; 
P R I N T T A B ( 4 5 1 4 ) " t o show t h e C o n t r o l number f o r " 
PRINTTAB(4,15)"each lamp- The c h a r t h a s t o be " 
1 6 ) " f i l l e d i n , and put i n t h e BANK-" 
3 ) " P r e s s <SPACE BAR> t o f i n d numbers: 
5) "The purpose of t h e INTERFACE BOARD" 
6) " i s t o c o n n e c t t h e Computer System " 
7) " t o t h e o u t s i d e world- I t becomes a" 
8) " c l e v e r s e t of l i g h t s w i t c h e s - " 
10) "Your f i r s t j o b w i l l be t o f i n d " 
11) " t h e C o n t r o l Number f o r each lamp." 
13)"You w i l l have t o d e s i g n a c h a r t " 
PRINTTAB(4 5 
PRINTTAB(4,23! 
G=GET 
CLS 
P RINTTAB(4,5)"There a r e 8 l i g h t s . you must f i n d " 
PRINTTAB(4 5 6 ) " t h e tf c o n t r o l numbers. 
I N P U T T A B ( 4 P 1 5 ) " I n p u t 
CLG 
I F N7.=0 G0T0440 
a C o n t r o l numbers !N7-
when you. have f i n i s h e d , 
PROCtest 
?2<FE61=N!/; 
GOTO 370 
CLS; ?&FE61=0 
PRINTTAB(4, 
PRINTTAB(4 5 
PRINTTAB(4, 
PRINTTAB(4 ? 
PRINTTAB(4, 
in%=0 
REPEAT 
INPUTTAB(4, 
out=0 
CLS 
I F N7-=999 o u t = l 
i n7==i n%-H 
REM PROCtest 
PRINTTAB(4,23)"Input 999 t o t e s t your i d e a 
REM I F f l a q = 0 1 n % = i n % - l s G 0 T 0 5 3 0 
5) "Now I want you t o work out an o l d " 
6) " p e r s o n s j o u r n e y , a s t h e y f i n i s h " 
7) " watching t h e t-v„, and go t o bed-" 
9 ) " I want t o t u r n t h e i r l i g h t s ON/OFF!" 
11)"Remember5 a 0 t u r n s a l l l i g h t s OFF" 
1 5 ) " b i v e me a number- "N% 
;G0T0610 
600 1 i s t % < i n%)=W% 
610 UNTIL o u t 
620 PRINTTAB(4 P5>"Now w a t c h t h e House l i g h t s . " 
630 ?8>FE61=0 
640 FOR w a i t % = l TO lOOOOsNEXT 
650 FOR o n % = l TO i n Z - i 
660 ?g<FE6i=I i st"/, ( o n % ) 
670 FOR w a i t ? 4 = i TO 8000s NEXT 
680 NEXTon% 
690 ?&FE61=0 
700 PR I iMTT AB < 4 ? 5) " 0 = K „ P s r h a p s t h a t was g o o d ? b u t " 
710 P R I N T T A B ( 4 S 6 ) " i s t h a t r e a l l y w hat p e o p l e do?" 
720 PRIWTTAB <43 7) " I-f y o u add t h e C o n t r o l numbers, you 5' 
730 P R I N T T A B ( 4 S 8 ) " s h o u l d f i n d t h a t more t h a n one l i g h t " 
740 P R I N T T A B ( 4 s 9 ) " g o e s ON a t once= Would t h i s h e l p ? " 
750 PRIMTTAB ( 4 , 11) 11 You can t r y a g a i n - " 
760 PRINTTAB(4 520)"Work on a CONTROL LI S T u n t i l " 
770 P R I N T T A B ( 4 , 2 1 ) " t h e end o f t h e l e s s o n . " 
780 PRIWTTAB(4g23)"Press <SPACE BAR> t o r e p e a t . " 
790- G=GET 
BOO GOT0440 
810 DEFPROCtest 
820 RESTORE 
830 f l a g = 0 
840 FOR t e s f / . = 0 TO 8 
850 READ d a t a 
860 I F N7.=data f l a g = l 
870 NEXT t e s t X 
880 I F -f 1 ag=0 CLSs PR I NTT AB ( 8 , 7) N% p " ? " % PR I NTT AB (4 ? 9) " Look 
C o n t r o l numbers again,," 
890 ENDPROC 
900 DATA 0,1,2.4,8,16, 32,64,128 
L I S T 
10 
2C 
30 
4< 
5( 
60 
70 
80 
90 
i oc 
nc 
12C 
13C 
14C 
15C 
16C 
lit 
lBc. 
19C 
20C 
210 
22C 
23( 
240 
25C 
26C 
27C 
280 
29C 
300 
31C 
320 
33C 
340 
35C 
360 
37C 
38C 
39C 
40C 
41C 
420 
43C 
44c: 
450 
460 
470 
480 
490 
500 
510 
T0450 
520 
530 
540 
550 
560 
570 
580 
1987, 
REM PR0G4 
REM THE AUTOMATIC FACTORY„ 
REM C.N.L.France. DH1 lEAc 
REM TO CONTROL THE FACTORY. 
MQDE6 
?8*FE61—O 
VDU19 ?0 ?4- f;0§0s0s 
CLS 
PRINTTAB(12 3 3)"CONTROL PROG 4 " 
PRINTTABC4Q5)"You w i l l need t o c o n n e c t t h e " 
PRINTTAB C4,, 7) "INTERFACE BOARD. When y o u have done" 
P R INTTAB(4s9)"so y o u w i l l be a b l e t o s e e " 
P R I N T T A B ( 4 , 1 1 ) " t h e L. E» D.'s 1 i g h t u p ." 
P R i N T T A B ( 4 y 1 3 ) " T h i s l e t s y o u t e s t y o u r p l a n n i n g * " 
P R INTTAB<4 915)"Connect t h e B o a r d t o t h e P o r t s now.' 
PROCgoon 
PRINTTAB(4,4)"CONTROL LINES." 
PR 1 NTTAB (4 5 6) "You s h o u l d remember, f r o m t h e House' 1 
E R I N T T A B ( 4 5 7 ) " t a s k , t h a t i t i s p o s s i b l e . t o s w i t c h " 
P RINTTAB(4 ?8)"On and O f f a number o f d i f f e r e n t " 
PRINTTAB ( 4 P 9) " t h i n g s . You. must n o t p l a n t o " 
PRINTTAB (4, 10) ' ' c o n t r o l more t h a n t h i s number o f 1 5 
11) " m a c h i n e s . " 
12) " A f t e r n aming i t , e a ch m a c h i n e h a s " 
t o be g i v e n a CONTROL NUMBER." 
15) " I s h a l l need t o be t o l d t h i s " 
16) "Number f o l l o w e d by t h e t i m e i n " 
17) "SECONDS t h a t y o u want t h e m a c h i n e " 
18) " t o RUN f o r . " 
20)"Make a n o t e o f what i need, now." 
PRINTTAB(4 5 
PRINTTAB(4, 
PRINTTAB14,13) 
PRINTTAB(4 s 
PRINTTAB C45 
PRINTTAB(4 5 
PRINTTAB(4, 
PRINTTAB(4, 
PROCgoon 
PRINTTAB(4 n4)"PLANNING THE CONTROL DATA. 
PRINTTAB <4 
PRINTTAB(4 
PRINTTAB(4 
PRINTTAB(4 
PRINTTAB(4 
PRINTTAB(4 
PRINTTAB(4 
PRINTTAB(4 
PRINTTAB(4 
7) "You m i g h t f i n d i t u s e f u l t o make" 
8) " o u t a l i s t o f t h e o r d e r , o r " 
9) "SEQUENCEs i n w h i c h t h e m a c h i n e s " 
10) "RUN." 
11) " B e s i d e each y o u c o u l d j o t down" 
12) " t h e p r o p o s e d RUNninq t i m e . " 
14) "BOWT FORGET THE TIMES WHEN " 
15) "NO MACHINES ARE RUNNING AT ALL!" 
17)"When y o u h a v e f i n i s h e d , c o u n t " 
P R I N T T A B ( 4 , 1 8 ) " t h e number o f s t e p s i n y o u r l i s t . " 
P R I N T T A B ( 4 5 2 0 ) " A f t e r w a r d s , p r e s s t h e Space B a r . " 
PROCgoon 
PRINTTAB(4 95)"DATA INPUT PROCEDURE." 
PRINTTAB(4 S7)"How many s t e p s i n t h e Sequence?" 
INPUTTAB ( 4 , 9 ) steps7. 
PROCwait 
P R I N T T A B ( 4 s 1 1 ) " T h a n k - y o u " 
PROCwait 
I F steps7.<2 PRINTTAB <4 5 13) "Don " 11 be s i i 1 y ! " ; PROCwai t : CLbi 
D I M d a t a ( 2 , s t e p s % ) 
PRINTTAB(4 313)"How many m a c h i n e s a r e t o be us e d ? " 
INPUTTAB ( 4 , 15) number"/. 
PROCwai t 
PR I N T T A B ( 4 S 1 7 ) " T h a n k - y o u . " 
PROCwait 
I F number 7.>8 OR number X< 1 PRINTTAB ( 4 5 19) " I am n o t a b l e t o ha 
noil e " % number%g PRQCwai t s CLSs 50T0450 
590 PRINTTAB <4 S 19) " I c o n f i r m t h a t I can h a n a l e " p number"/^ " 
600 DIMcantnum(numberZ) 
610 PROCwait 
620 PROCwait 
630 CLS 
640 PhfiN i i AB ( 4 ? b) "PLEAbfc. NUTEs-" 
650 PRINTTAB C4s 7 ) " Y o u s h o u l d u s e CONTROL NUMBERSs —" 
660 PRINT 
670 RESTORE 
6BO FOR c n % = l TO number'/. 
690 READ XXXX 
700 contnum<cn%)=XXXX 
710 PRINT contnumicn/.) 
720 WEXTcn% 
730 PRINTTAB (4) " t o s w i t c h t h e m a c h i n e s ON,," 
740 PRINT 
750 PRINTTAB(4)"and rRmember, * 0 r s t o p s t h e l o t ! " 
760 PROCgoan 
770 PR I NT TAB (4 3 5) " INPUT DATA „ ,] 
780 PRINT 
790 FOR rnw/;=l TO steps/J, 
800 P RINTTAB(4)"Step No ";row% 
SiO IiMPUTTAB ( 4 ) "CONTROL NUMBER i s — ! ! d a t d i l 5 f uwX) 
820 PROCcheck 
830 I F f l a g % = 0 PRINTTAB(4)"NOT A VALID CONTROL NUMBER="s PRINT 
ROCwai t sG0T0800 
840 INPUTTAB(4) " T i i i E i n SECONDS i s - " d a t a < 2 9 r o w % > 
850 PRINT 
860 NEXT rowZ 
870 PRQCwait 
8B0 PRINT:PRINT s PRINT: 
890 P R I N T T A B ( 4 ) " T h a t c o n c l u d e s y o u r Sequence D a t a , " 
900 PROCwait 
910 P ROCdisplay 
920 I N P U T T A B ( 4 ) " I s a l t e r a t i o n n e c e s s a r y ? Y/N " c h o i c e * 
930 I F c h a i c e $ = " Y " P R a C a I t e r s G 0 T 0 9 0 0 
940 PROCwait 
950 PRJ.NTTAB ( 4 ) " I s h a l l now RUN y o u r seouence. " 
960 PRINTTAB(4)"Check i t a g a i n s t y o u r notes." 
970 P R I N T T A B ( 4 ) " I f i t i s s t i l l n o t e x a c t y o u w i l l " 
980 PRINTTAB ( 4 ) "be a b l e t o a l t e r i t when I - F i n i s h . " 
990 PROCgoan 
1OOO CLS 
1010 PRINTTAB<4 ?45"Here I g o i " * ? 
1020 FOR output%=l TO s t e p s X 
1030 7&FE61 =d a t a ( 1 , o u t p u17.) 
1040 t i m e = T I M E 
1050 REPEATs UNTIL T I M E = t i me+ ( d a t a <2 ? output"/.) 8100) 
1060 NEXT output% 
1070 PRINT 
1080 I NPUTTAB(4)"There! Was t h a t O.K.? Y/N " c h o i c e * 
1090 I F c h o i c e $ = " N " CLSs PROCdi sp1 ay:PROCalter s 60T0900 
1100 CLS 
1110 PRINTTAB(4 94)"RECORD THE DATA!" 
1120 PRINTTAB (4s, 6) "Make s u r e t h a t y o u have a c o p y " 
1130 P R INTTAB(4,7)"of t h e f i n a l Sequence D a t a . " 
1140 PROCgoon 
1150 PROCdisplay 
1160 PROCwait 
1170 PRVNT'5 
51180 PRINTTAB <4) "You h a v e now f i n i s h e d * " 
1190 END 
1200 DEFPROCd i so1 ay 
1210 CLS 
1220 PR I NTTAB (4 , 4) 111NP!JT DfiTA 1 1 
1230 PR IWTTAB ( 4 , 6 ) " STEP. CONTROL Mu. i iME. 11 
1240 FOR l i s t 7 = = A TO st e p s ? , 
1250 PRVWT 11 " 5 1 i s t % 5 " S1 ?, d a t a ( 1 , 1 i s t % ) p " 
" p d a t a ( 2 5 1 i s t % ) 
1260 NEXT 1 i s t % 
1270 ENDPROC 
1280 
1290 DEFPROCaltor 
1300 INPUTTAB (4) " k i h i c h s t e p number needs a l t e r a t i o n ? " r o w % 
1310 PROCwait 
1320 PRINTTAB(4) "STEP No, " ; r o ^ 4 
1330 PRINT" CONTROL NUMBER - " ; d a t a ( i ? r o w X ) 
1340 PRINT" TIME = " p d a t a ( 2 , r o w X ) 
L350 PRXNTs PRINTs 
1360 INPUTTAB (4) "What s h o u l d t h e CONTROL No. be? " d a t a (1, row7=) 
1370 PROCcheck 
1380 INPUTTAB(4)"What s h o u l d t h e TIME be? " d a t a ( 2 5 r o w X ) 
1390 ENDPROC 
1400 
1410 Ubt-PKULcheck 
1420 f l a g % = 0 
1430 FOR cjheckX— 1 TO number /I, 
1440 I F d a t a ( 1 , row'/.) = c o n t n u m ( c h e c k X ) THEN f l a g % = l 
1450 I F d a t a ( l , r a w % ) = 0 THEN f l a g % = l 
1460 NEXT c h e c k % 
1470 ENDPROC 
14BO 
1490 DEFPROCgoon 
1500 P R I N T T A B ( 4 5 2 3 ) " P r e s s t h e <SPACE BAR> t o c o n t i n u e . " 
1510 G=GET 
1520 CLS 
1530 ENDPROC 
1540 
1550 DEFPROCwait 
1560 FOR w a i t = l T 0 2 O 0 0 
1570 NEXTwait 
1580 ENDPROC 
1590 
1600 DATA 1 , 2 3 4,8, 16,325,64., 128 
L I S T 
ic 
20 
3C 
4(. 
50 
6*J 
70 
80 
90 
1 oc 
i n : 
I 2 ( 
13C 
140 
15C 
16C 
I7C 
18C 
19C 
20C 
210 
22 C 
23C 
240 
250 
26C 
271 
28f 
29C 
30C 
310 
32t 
-33C 
340 
350 
REM PROGS 
REM THE AUTOMATIC FACTORY-
REM C,.N-L-France- DH1 1EA. 1987. 
REM To Run t h e F a c t o r y -
«TV255 
M0DE6 
?S<FE61=0 
yDU 1 9 j CK 4s 0? 0? On 
CLS 
) "CONTROL 
5 ) " U s e t h i s 
7 ) " Y o u w i I 1 
9)"INTERFACE BOARD 
1 1 ) " s o v o u w i 1 1 be 
PR0G5" 
t o r u n t h e Factory„" 
need t o c o n n e c t t h e " 
When y o u have done' 
a b l e t o s e e " 
1-3) " t h e L= E= D. * B i i.qht i t p a " 
1 5 ) " C o n n e c t t h e B o a r d t o t h e P o r t s now. 
PRINTTAB(4 
PRINTTAB <4 
PRINTTAB(4 
PRINTTAB(4 
PRINTTAB(4 
PRINTTAB(4 
PROCgoon 
PR1NTTAB(4,4)"CONTROL RELAYS„" 
PRINTTAB ( 4 S 6 ) "You know how many t h i n g s RBRCJ t o be" 
P R I N T T A B < 4 5 7 ) " c o n t r o l l e d - You w i l l need t o use t h e " 
PRINTTAB(4 58)"same number o f RELAY SWITCHES,, " 
PRIWTTAB(4,9)"Connect t h e i n p u t s on t h e CONTROL" 
PRINTTAB (45, 10) "RELAYS BOX t o t h e o u t p u t p o s t s o n " 
P R I N T T A B ( 4 ^ 1 1 ) " t h e I n t e r f a c e b o a r d , " 
PRINTTAB(4 512)"Now c o n n e c t t h e B l a c k I n t e r f a c e p o s t ' 
P R I N T T A B ( 4 5 1 3 ) " t o t h e B l a c k C o n t r o l R e l a y B O K p o s t - ' 
P R I N T T A B ( 4 5 1 5 ) " 
PRIWTTAB(4,16)" 
PRANTTAB(4 517)" 
PRINTTAB(4,18)" 
PRINTTAB(4-20)" 
PROCgoon 
PRINTTAB(4 54)"RELAY SWITCHING THINGS-" 
PRINTTABC4 57)"Each R e l a y S w i t c h has a p a i r o f 4mm" 
P R I N T T A B ( 4 5 8 ) " s o c k e t s - F i n d them now-" 
360 PRINTTAB(4^9)"You w i l l need as many power p a c k s " 
370 PRINTTAB<4,10)"as t h e r e a r e LEGO m o t o r s . " 
38c? PRINTTAB ( 4 5 11) "Your t e a c h e r w i l l show y o u how t o " 
390 P R I N T T A B ( 4 P 1 2 ) " c o n n e c t a power p a c k and m o t o r " 
400 P R I N T T A B ( 4 s 1 3 ) " t o t h e R e l a y S w i t c h s o c k e t s - " 
410 p-RINTTAB C4 ? 15) " You can c o n n e c t t h e o t h e r s ! " 
420 P R I N T T A B ( 4 , 1 7 ) " ( T h e n ask f o r i t t o be c h e c k e d - ) " 
430 P R I N T T A B ( 4 5 1 8 ) " " 
440 P R I N T T A B ( 4 5 2 0 ) " A f t e r w a r d s , p r e s s t h e Space B a r - " 
450 PROCgoon 
460 PRINTTAB(4,5)"DATA INPUT PROCEDURE-" 
470 PRINTTAB(4,7)"How many s t e p s i n t h e Sequence?" 
480 I N P U T T A B ( 4 , 9 ) s t e p s % 
490 PROCwait 
5(50 PRINTTAB(4 ? 11) "Thank-you" 
510 PROCwait 
520 I F steps7-<2 PRINTTAB <4 ? 13) "Don ? t be s i l l y ! " s PROCwai t : CLSs GG 
T0460 
530 PRINTTAB(4,13)"How many t h i n g s a r e c o n t r o l l e d ? " 
540 INPUTTAB(4 S 15)number7-
550 PROCwait 
560 P R I N T T A B { 4 3 1 7 ) " T h a n k - y o u - " 
570 PROCwait 
58c:* I F number7->steps7- PRINTTAB (4,, 19) "You have more THINGS t h a n 
STEPS !"s PROCwait n PROCwaitsCLSs G0T0460 
590 I F number 7,>8 OR number%< iPRINTTAB ( 4 3 3.9) " I am n o t a b l e t o ha 
n d I e "5 number%s PROCwait sCLS 5G0TQ460 
600 P R I N T T A B ( 4 5 1 9 ) " I c o n f i r m t h a t I can h a n d l e " s. number/^ " . " 
610 D I M d a t a ( 2 ; j s t e p s X ) 
620 D l i i c o n t n u m tnumberX) 
630 PROCwait 
640 PROCwait 
650 CLS 
660 PR TNTTAB(4 P5)"PLEASE NOTEs-" 
670 P R I N T T A B ( 4 , 7 ) " I now need t h e CONTROL DATA w h i c h " 
680 P R I N T T A B ( 4 3 8 ) " y o u d e s i g n e d w i t h PR0G4." 
690 RESTORE 
700 FOR c n % = l TO number% 
710 READ XXXX 
720 contnurn(cn%)=XXXX 
730 NEXTcn% 
740 PROCgoon 
750 PRINTTAB(4 s 5 ) " I N P U T DATA." 
760 PRI NT 
770 FOR r o w % = l TO steps7. 
780 PRINTTAB ( 4 ) " S t e p No " ; row"/; 
790 INPUTTAB(4)"CONTROL NUMBER i n - " d a t a ( 1 5 r o w X ) 
SOO PRQCcheck 
810 I F flaq7„=0 PRINTTAB(4)"NOT A VALID CONTROL NUMBERo"sPRINTSP 
ROCwai t s60T0780 
820 INPUTTAB(4)"TIME i n SECONDS i s - " d a t a < 2 , r o w X ) 
830 PRINT 
840 NEXT rowX 
850 PROCwait 
860 PRINTSPRINTSPRINT; 
870 P R I N T T A B ( 4 ) " T h a t c o n c l u d e s y o u r Sequence D a t a . " 
880 PROCwait 
890 PRO C d i s p l a y 
900 PROCtime 
910 I N P U T T A B ( 4 ) " I s a l t e r a t i o n n e c e s s a r y ? Y/N " c h o i c e ^ 
920 I F choice$="Y"PR0CaltersGQT0B8Q 
930 PROCwait 
940 PRINT 
950 P R I N T T A B ( 4 ) " I s h a l l now RUN y o u r s e q u e n c e , " 
960 PRINTTAB(4)"Check i t a g a i n s t y o u r n o t e s . " 
970 P R I N T T A B ( 4 ) " I f i t i s s t i l l n o t e x a c t y o u w i l l " 
980 PRINTTAB(4)"be a b l e t o a l t e r i t when I f i n i s h . " 
990 PROCgoon 
1000 P R I N T T A B ( 4 S 4 ) " H e a l t h & S a f e t y A t Work A c t . " 
1010 P R I N T T A B ( 4 g 6 ) " M a c h i n e r y i s d a n g e r o u s . " 
1020 P R I N T T A B ( 4 , 7 ) " W i l l y o u r m a c h i n e s be s a f e when" 
1030 P R I N T T A B ( 4 5 8 ) " y o u p r e s s t h e Space Bar and I " 
1040 PRINTTAB(4, 9 ) " s t a r t t h e C o n t r o l Sequence?" 
1050 PRINTTAB(4,12)"Make a s a f e t y c h e c k NOW!" 
1060 PROCgoon 
1070 CLS 
1080 PRINTTAB(4,4)"Here I go!"'' 
1090 FOR o u t p u t % = l TO steps"/. 
1100 ?&FE61=data ( 1 , output"/.) 
1110 t i m e = T I M E 
1120 REPEAT s UNTIL TIME=t i me+ ( d a t a (2 3 o u t p u t 7. > * 100) 
1130 NEXT o u t p u t s 
1140 PRINT 
1150 INPUTTAB(4)"There! Was t h a t O.K.? Y/N " c h o i c e * 
1160 I F choxcG§-"M" CLSy PROCdi s p i ays PROCaXters 60T0880 
1170 CLS 
1180 PRINTTAB(4 54)"RECORD THE DATA!" 
1190 PRINTTAB(4,6)"Make s u r e t h a t y o u have a c o p y " 
1200 PRINTTAB(4,7)"of t h e f i n a l Sequence D a t a . " 
1210 PROCgoon 
1220 PROCd i sp1 ay 
1230 PROCwait 
1240 PRINT *• 
1250 PRINTTAB(4)"You have now f i n i s h e d . " 
1260 P R i N T T A B ( 4 , 2 3 ) " P r e s s < SPACE BAR> %>. r e p e a t c y c l e . " 
1270 G=(5ET 
1280 GOTO 1070 
1290 END 
1300 DEFPROCdi sp1 ay 
1310 CLS 
1320 PRINTTAB<4 54)"INPUT DATA" 
1330 PRINTTAB(4,6)"STEP. CONTROL No. TIME." 
1340 FOR I i s t % = 1 TO s t e p s % 
1350 PRINT " " ? l i s t 7 . ? " " s.data (1,1 i s t % ) s " 
"% d a t a ( 2 , l i s t 7 . ) 
1360 NEXT l i s t % 
1370 ENDPROC 
1390 DEFPROCaIter 
1400 INPUTTAB ( 4 ) "Which s t e p number n e e d s alteration? ! lrQW°/. 
1410 PROCwait 
1420 PRINTTAB(4) "STEP No. "§ruw% 
1430 PRINT" CONTROL NUMBER = " ? d a t a ( 1 5 r o w % ) 
1440 PRINT" TIME = " ? d a t a < 2 , r o w % ) 
1450 PRINT sPRINT s 
1460 INPUTTAB(4)"What s h o u l d t h e CONTROL No. be? " d a t a ( l , r a w % ! 
1470 PROCcheck 
1480 INPUTTAB(4)"What s h o u l d t h e TIME be? " d a t a ( 2 , r o w % ) 
1490 ENDPROC 
1500 
1510 DEFPROCcheck 
1520 f l a g % = 0 
1530 FOR check7==l TO number0/. 
1540 I F d a t a ( 1 , row7.) — c o n t n u m (Check7.) THEN f l a g % = l 
1550 I F d a t a ( l , r o w % ) = 0 THEN f l a g X = l 
1560 NEXT chc c k X 
1570 ENDPROC 
15BO 
1590 DEFPROCgoon 
1600 P R I N T T A B ( 4 , 2 3 ) " P r e s s t h e <SPACE BAR> t o c o n t i n u e . " 
1610 G=GET 
1620 CLS 
1630 ENDPROC 
1640 
1650 DEFPROCwait 
1660 FOR w a i t = l T 0 2 0 0 0 
1670 NEXTwait 
1680 ENDPROC 
1690 
1700 DEFPROCtime 
1710 t i m e % = 0 
1720 FOR a d d % = l TO steps"/. 
1730 t i m e 7 . = t i m e % + d a t a ( 2 P add"/.) 
1740 NEXT add7. 
1750 PRINT 
1760 P R I N T T A B ( 6 ) " T o t a l TIME 4 o r 1 CYCLE = " s t i m e X ; " S B C 
1770 ENDPROC 
1780 
1790 DATA 1,2,45,8, 1 6 3 3 2 ? 6 4 , 128 
1800ST0P 
1810 I F -f I ag%=0 PRINTTAB ( 4 ) "NOT A VALID CONTROL NUMBER 
ROCwaits G0TQ780 
